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352077ú StNE

Rolette, ND 58366

ugust 2005

Ms Susan V/efald

Commissioner

Public Service Commission

State of North Dakota

600 E Boulevard Ave

Dept 408

Bismarck ND 58505

Dear Ms S/efald:

J T and I deeply appreciate the fact that you docked as part of the wind project or¡r

letter and materials. Thanks also for placing us on your mailing list to receive orders and

other documents you issue which relate to the case. You mentioned that we might wish

to get an attorney and I believe we did so for on Thursday we contacted Jack MacDonald

of 
'Wheeler 

Wolf in Bismarck for help.

Enclosed are parts of a new book about wind turbines. I think you will find this

exfuemely interesting. In addition to being tremendously upset about thç destruction of

our lives here, we have the hope of making you inquire about the viability of their

geographical plans. For exarrple couldn't they build the towers up and down State Route

3 along with the tansmission line? That seems the way the turbines are placed in Europe

and it largely seems to have worked out without wrecking people's lives and equanimity.

That way the beauty and integrity of the land could be maintained and a distant

independence from oil could at least begin.

Thank you for your coûcem for us and I will be calling the nu¡nber you gve me

tomorrow to request intervention.

Very truly yours,

"ffrrt'.YlLq,fr,l*
Roberta Mclntire
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Commission
ieviews PPM
! _

Inergy's request
I

pompany planning largest
ftind farm project in the state
f" M",a Mu,,"lln t¿wers of either 1.5 oi 3
llibune Ed¡tor 

- megayltts. in size, -r,m- ging
in height betwæn 300 md

PPM Energy would like 4oo feet'

to begin constructi,on on its A {irstrr fOr theproposeo rarge wnc tu* osc
æd 230 kilovolt t¡ansmis- -
sion line project north of PPM Ener$/s request for
n"¿rE fåt""fuii. 

__ - 
permits for a wind fam md

BËoï"í"t, bãiore it 
""o 

trmsmission line marked
Sil;"d il'*iti *"a ilrã F" first time the PSC had
ã;;;ã;iril}'.äp"#; held a hea{.ng md would

{ürvice Co--;ssion (PSC). renew applrcatrons for a
Ërt 

"-p-sb-n"l¿ " 
nìL-ttl* large wind energv project'

ñþñ[";üioR;;byi;t - 
As a result' commission-

Ejt;Ñh;ù'"æni"ËÉi""- """ 
susan wefald¡ Kevin

ffionv from ppM -Enersy tJramer a.nd lbny Clark md

Ët;;J";r"d;; 
-; 

--;n ã'" !nei1. 
qtarr -asked severaì

Ëaring coments from the questions of PPM- Fnergy
rõü¡[c. represenf,af,rves toromng
EPPM Eo""* fiIed two wiÞesstfstimony.
#*iì" *iiËä"-õã--i"_ One of tlre questions was
!tr" : ¡o ;;;;J 

"r; 
regardingfinal pJacement of

ioo-r.¡ *ãsã;.üt;;d íu.- the wind turbines and
å;;;. ;æh ;l R;;b;: whether the commission
årà ;rùii"h 

" 
9.s 

-*ü,i 
zso would be siven enough

Ërlovolt transmission line lPPlrtuity to review the
fr";G *t"ãi;i-t üiã nl¡gl -1p- PPM Energy is

"¿¡ìt 
ii"" ã.t ãin"*l-*---- stin in the process of deter-

=,Wit""".". io"pÞlrf Ér"r- Itdt8 the location of its

e9 ái*".ãJ-""""î*"i¡o" øye¡s in the project æea,
;í-;:---*.h;i"; r-ñ: which encompasses 46,000
i¡", ú""æi. to tf,u 

"o_[l_ 
acres. _However, only

"it" 
ãã *À"" ;;Jiã;i_ between 50 md 70 acres will

ãLã 
-å"v -"-"-uì""*"olu1 be used'

inpact õn the area t.d , ffi"t-thatfinalmap-will
6¿1i"" 

"ft"U""e"" 
i" tn" *": be completed has not been

"*o"tio" 
Jili" oroiecr 

- 
determined, but the PSC

tR ú;ã dibJ oi ppLl requested sir to eight weeks
Energy said other sites were f,o rerew the map'
iditi.-úr loot"l ui ou"r ã PPMEnergvdidforeseea
it 

"Lã-vå."- 
p"rl"¿, ¡"t-ìrtã possible problem in altowþg

n *¡u lo"utí* **;h; b;J t_h{ much time, as it could
fit"¡;;;Ë*o[;," o1["' delay their plms for æn-
Wi"A hstinÅ í.oã"ãã struction.AcoBpromi¡ewas
favãrabte r""ilt";- it-*á" proposed b-y- PPM-Energy

"i"s" 
ø t;*bt¿;ú.: which would enable some

,io" ti* 
"";;"ú";;;ä;;;ã 

initÍal construction work
ú* ;J:r-;*ãntìit- iE;;;; this. rall, includins^buildins
ãa[ã-t Ã*""""*fi-* roads, in'retm for inore
Iàlodo*"t. itittru'iã"ntinJ time for the Comission to
frc¡ect area. Thã *iìlâ- reviw the.lite map for the

froúia 
"oi"i.iãi;p 

;-ibp turbines' No actual con-

i:

Public Service Com-
m¡ss¡oners (from left
to riqht) Kevin
crañ'ìêí Toñy ctark
and Susan Wefald)
listen closely to a 

'

witness dur¡no a
oublic hearinõon
ÞPM EnergyË per-
mit applicât¡on for a
wind farm and trans-,
mission l¡ne project
north of Rugby. The
hearing was held
July 28 in the Piercê
County district court:
room.

Staft photo

struction on the tu¡bines
will be pemitted util the
map has been reviewed by
the PSC. Comissioners
planning to reyiew the
request.

Comissioners also com-
mented on what seemed to
be an mbitious time sched-
ule for PPM Energy to com-
plete the project.

Grube said there is m
ugèncy, given the limit¿d
supplies for turbines and
what is mticipated to be a
high demmd in the near
futwe. As a result, moving
foruad soon with this nro-
ject would insure mst ìer-
tainty on the tubines and
that orders can be placed.

Other questions invcilved
what environmental impact
the project would havd on
the æea. PPM Energy. has
worked with the North
Dakota Game and Fish
Department, md U.S. Fish
and Wildlife on the pot€ntiâl
loetion of its tu¡bines md
the t¡ansmission line.
Under the project, only one
transmission line structu¡e
would be placed in a wet-
land. Other issues raised
included setback require-
ments of the wind turbines
from ocmpied structures as
well as noise issues near the
tu¡bines.

Early in July, the Pierce
County Comissioû gtânted
PPM Ener.g¡r a .conditional
use p€mit for fhe pmjgct,
which included a few vari-
æces from uisting zoning
and planning ordinances,
inclurl'i.g a 1,000-fæt set-

back from occupied resi-
dences. The county also
allowed for a height vari-
ance for the towers to excæd
300 feet. Noise levels also
must be line with a 50 dBa
from a required distance
from m occupied residence.

Other setbacks PPM
Energy will follow include at
least a 400-foot setback f¡om
roads and transmission
lines, a one-quarter-mile
setback from National
Wat¿rfowl production areas
aild a 500-foot setback from
læge wetland aeas.

Economic benefits
It is projected over

$500,000 in amual cout5r-
school district property
tues will be paid out from
the project. In addition,
landowners with easements
with PPM Energy to con-
stroct twbines or transmis-
sion lines on ùheir property
will receive lease payments.
PPM Energy officials said
all land easements have
been made.

The facility could also
meæ up to 10 firll-time posi-
nons.

At the peak of construc-
tion, nea¡ly 200 workers will
be employed to comtruct the
wind fam md transmission
line. The new line will be
aligned about 150 feet from
the existing 230 kY trans-
mission line which runs
north from the substation
east ofRugby.

Publ¡c input
A hmdfi¡l of local resi-

dents commented on the
project, which would be the
largest wind farm facility in
the súate æd is estimated to
cost between $170 md $190
million to construct.

Robe¡ta Mclntire, a
landowner north of Rugby,
addressed concerns about
the project which she md
her husbmd, J.T., do not
support.

The Mclntires om a five-
acre farmstead, and
although théir property is
not included in the project,
its loetion neæ other pmp-
erty which will have tur-
bines and trmsmission lines
will cause adveme effect.s on
their property md liveli
hood, she æntended.

The potential noise fron
the towers æd transmission
lines will nake it difficult
for them to work on their
farm as professional mite¡s
and raise small mimals-

She questioned how long
landome¡s in the ¿ùea were
aware of this project and
said she md her husband
were not notified ofit.

The Mclntires support
economic development for
the area but don't believe
this is a worühy project, and
it will do more harm qhan
gooo.

Hoqever, æuty corrmis-
sioner Mike Christenson
disagreed.

He told the mmission
al¡nost all landowners in ùhe
area support the wind farm,
as it will prowide much-
needed income fo¡ some and
mean additional tax monev

for the county and'
school district as well as
some neìw jobs. ' '¡

Ben Axtman, who residèsl
north of Rugby but does rio!
have any property in thè'
pmject ârea, also agrees thii
wind fam will be positivé.
for the region. Axtmaf
added there is only a certairt'
level of wability for sorpe of;
the land in the pmject uea;'
Only so riuch is suited for^
faming- As a result, thé'
project won't adversely'
affect the land. He said the'
region and state would be
very well sened by this pre
JEct. 

.

What's next?
The PSC v¡ill review .thd

dâta submitted by PPM
Energy and the permi!
application before making a
decision whether to grmt a
site compatibility a¡d coni-
dor compàtibilty permit td'
PPM Energy.

The compmy still mut
estâblish a pöwer puchase
agreement as well as devel-
op an interconnect aglee-
ment md fi.le for a produc-
tion tax credit.

FPM Energy will likely
finalize the turbine loca-
tions later this month md
hopes some construction
will star! later this year.
before full-scale construc-
tion next spring.

Testing and operation
would follow with the facili-
ty scheduted to be opera-
tional by fall of 2006.
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\ü7ind energy today is a booming worldwide industry. The technology

has truly come of age, with bette¡ more reliable machinery and a greater

understanding of how and where wind power ¡¡¿lçs5 5s¡ss-frsrn rhs

independent homestead to the grid-connected utiliry-wide p€rspecrive.

Heightened concerns about our ravaged environmenr and our depend-

ence on dwindling fossil fuels have stimulated a resurgence of interest in
wind energy-¿¡1 abundant and renewable resource.

'Vind 
Power is a completely revised and expanded edition of Paul

Gipe's definitive 1993 book, \Yind Power for Horne and Basiness. ln
addition to expanded sections on gauging wind resources and siting

wind turbines, this edition includes new examples and case studies of
successful wind systems, international sources for new and used equip-

ment, and hundreds of color photographs and illustrations.

The \Øorld Renewable Energy Congress named

P¡ur GIn¡ a'þioneer in renewable energy" in

1998. Since the mid-1970s, Gipet award-

winning research, writing, and advocacy have

had a profound impact on the development and

public perception of wind power. He is also the

author of \Yind Energr Basics (Chelsea Green,

1999) and V(ind Energr Cornes of Age. He lives

in Bakersfield, California.

Chelsea Green Publ ishing
White River Junct ion, Vermont
BO2-295-6300
www.chelseagreen.com

ISBN l,-131,rt1å-Lrr-A

il1il1il1ilil[il[[il ililililtilil|
Cour phorcgraphs by Paul Gipe . Couer dzsign by Peter Hohn
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Sit ing
rææeaÉ

High winds blow on high hills.
-Thomas Fuller, Cnomologia

wind turbine, rhen 
",'"J;:i:1Ë;HiËtï:iT: ï::ï :n ;vhe1 r3u can prace a

North American farmers, ranchers, and rurar residents shourd encounrer few barriersto erecting wind turbines of any size on their properry. siting in these circumsrancesis often simplv finding the 
1or¡.*por.Jfi".. ø, ,¡,. *if;;Li"e. probrems cana¡ise in suburban and 

lore.dT.ry poq{J"d areas, *h;.;;;î.ighbo., may norshare yoùr enthusiasm,foi *i$ .r;t; wirh care, considerarion, and a good measureof patience' you should be 1ble, *""rs^y ̂ , neighbor's .orr..rn* N.vertheress, you
*:iijXn:*:_il?'î.îqpryi;'yo,,,,i,.. you may ûnd it unsuitable rorwindenergyb..auser.rphil;i,i¡;;;;;Ë;ï;;i,i:t"ïåiiläïffi:i[;
example--or because 

:t1t4-l*$lr*''1,,1¡ o" rto* you can use your rand.In this chapter we look fiisfâåiiå€¡,fih-"¡. at .^.¡_i^*i^_ _ . ,

limit or even prohibrr'å:ÏJï:iîå9ffíic 
orinstitutional ¡estriè""¡'. rr'1*"i

å****ï:,ïuårirlr;,
ils on Wínd Power in View andWind Turbine Noise.) 

=i$.ffif#F"'-'ù wlt wzntt rower tn View

: : : ' :  
! "' '  : '"::.:|:)

1, 1,r r

Physical, Restrictions
., ..,, ,

ng towers have

ift the tower over tir. ho.rr. 
"rrà 

r..

, n å l  I  r

, U / l l \  o n l U  5 O - ? O

r'npo*.Ìe4- b,," *4,r.¡=
pnojaal o.¡rú 4b,oc
e-^cre-S, *th\;r"t *
b.^.#'ful "^reo-'-'.*
f.o.t [¡Jol{-à

aÜacent to the tracks. r,rì 
' ---- 

,"-'":¡,vv4tu' 
wurq turDlrles sPm-

ttþ n:t pql-,-thzrn b*iles nor1-Ltaf .nur3b5 *d g IJ"f u f ft+qå'i 11) ?
ReãL-J..Ç"



5MOOTH
FLO\A] T()P (Jt- B.\Rltl l tì.

I NDU(:El) I (.Jiì¡?i. ì [\r I
,/

\ t

- 
- + _--.--

1 i

t :¡
I{¡ .

TUREUTENT
FLOW \

- - -  - -  '  - - - - J

Figure 13-2. Go fly a kite. Trailing srreamers flc;:r ¡ l.:ir"
i: 

, .¡Tpi: ver effecrive way or dåiefting ,r,rr,,Ë"å. 
'''-

(Battelle PNL)

Figure t3-1. Sidewalk siting. A Lagerwey tBl80 nexüo afish processing plant alongã frontãge.'"¿ i" ,tå oài,rLauersoog. the Netherlands. The Dutch are accustomed
to multiple use of their limited lancl area.

Yet there are limi$, and it's wise to know
what they are. Bergey\Øindpower, for example,
recommends ar lea$ 1 acre (0.5 hectare) for its
Excel model. Smaller turbines may neej less.

Exposure and Tu¡bulence
\ù7ind turbines should always be located as far
av¡ey from trees, buildings, and other obstruc_
tio_ns as possible in orãer to minimize the
effect of turbulence and maximize exposurero
the wind.

Turb,ulence, rapid change in wind speed
and direction, is caused b,v the *"k f.o*
buildihgs and trees in the 

'wind's 
parh, ;;d

resembles the eddies swirling arouná a rock in

a srream. Being buffeted b¡, turbulenc€ can be
damaging to modern wind turbines because
thev use long slender blades tra-reling at high
speeds. Turbulence can u,reak h^lã. or, ,
wind machine. rapidl¡, shortening its liíe.

Buildings and tr.ees also drasticalh, reduce
the enersy available to a -,vind turbins. One
overriding lesson that has been gleaned fiom
nearlv three decades of working ivith modern
wind rurbines is that yo., ."rri overlook the
effect of obstrucdons, whether builclines o¡
v€gerarion. Though seemingly less a barrier to
the wind than a building, ir.es, ,hr.rbs, and
ev¡n low hedgerows can rob eners/ from rhe
wind. It's for rhis reason that wind turbines
are being installed on increasingly tall ro\Mers,
some up to 100 merers (330 ft) in heiehr.

rü/hen you're uncertain about rhe 
"-oun,of turbulence over your site-go fly a late. Tie

streamers to the kite string and note hovv they
flutter in the wind (see frgure 13-2, Go fly a
kite). It's a practical me"n, of s..ing the invis_
ible-the swirls and eddies caused Ëy obrtrrr._
tions-and a good u.,a), ro learn firsrhand.
about turbulence.

Locate rhe torver far enough eithe.- upr.,ind
or dori'nwind to avoid thg rurbulen, ,o.r"
around nearbv obstructions (see figtrre 13_3,
Zone of disrurbsd flor¡ì. \ï,&en thisls im¡rrac_
tical, use as rall a to'ñ,er as possible to elevale
the rvind m¿zchi¡re above the ru.rb¡_rlence. If
neither approach alone is sufficienc, use some
combi¡ration cf siting and a taliei rotl.er.

I n Cermany it's comrnon to see wind
turbines l inirrg the autobahn"

rj:¡:-! i I

;l':' .t

Lj-g:r'
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PREVAILINC WIND

Figure 13-3' Zone of disturbed 
{lo¡v. wind speeds decrease and turbulence increases in the viciníÇ of obstructions.

"ii 
pifur-rp in front of the obstruction. Thffow over a hedgerow or group oJ trees ii

From years of experience, small wind tur-
bine manufacturers, consultants, and users
have derived a general rule of thumb: The
enrire roror disk of the turbine should be leasr
30 feet (10 m) above any obstruction within
300 feer (100 m). If youïe derermined, for
example, thar a group of trees along a
fencerow are 60 feet (18 m) tall, you'll neeá at
least a 9O-foot (27 m) tower (see figure l3-4,
Clear of obstrucdons). To ensure the best per-
formance, you should use an even taller tower.

The minimum rower heighr for medium-
size rurbines is equal to the rurbine's rotor
diameter. As mentioned previously, mâny are
installed on taller rowers. In forested areas of
Germany it's not rare for the tower to exceed
one and a half dmes the rotor diameter.

By all means avoid sites ar the bottoms of
creeks, draws, or ravines and at the bases of
hills. If there's a hill on your properry with a
well-exposed summir, site the wind machine
there instead of lower on rhe slope, even if the
summit is some distance from where you plan
to use the electricity.

Power-Cable Routing
unce you've selected rhe area where the tower
will be erecred, note how the power will be
delivered ro your load. At this stage you need to
anticipate any problems rhar may de.velop

Figure l3-4. Clear of obstructions. This Bergey 850
stands well above nearby willow trees at thãWulf Test
Field in California's Tehachapi hss. Raising small wind
turbines above nearby obstructions is the sìngle most
effective way to increase performance.



Evidence rhar rvind turbines affect properrv values one
\I¿ay or the other has bee¡r hard to corle by,. There lvas a
cursorv surve), bv a real esrare agenr ofland sales near
i.r'ind rurbines in California's Têhachapi pass. In this
survev values actually increased in the viciniw ofthe
r¡'ind farms. \X/hy this happened is less clear. 

'Bu, 
prop_

erry changed hands ar higher values after. rhe wind rur-
bines went in than before. I¡r one case properry values
increased surprisinglv rvhen agricul.,r.ri lr,rd was devel_
oped for a rnobile home park with a clear view of the
lvìnd turbines. In a'l7isconsin survel, of la¡rd sales near
trvo operariile wind farms, properties le.ss rhan I mile
(1.7 km) fi'om the turbines traded at l4l percent of
tlreil'assessed value, rising along rvith other. Iand values
in the area. The wind turbi¡res didn't appear to have
ani'negarive efÊct.

The nrcsr exterìsive studv i¡r Nortì America was
conducted by the Renewable Energy poiicy project
(REPP). 'l'his 

study examined properry rr.ansacriorls
near u.'ind turbines at multiple sites i¡i Califomia, iowa,
and Minnescta, as well as sites in several ot]rer srares.
Altogeth.er REPP evaluarecl l¡ore than 25,000 real
esrate rransactions. After accountilr.g for cor:rparable
sales outside the viewshed of the wind farms ìelecred,
defined as beyond 5 miles (g lan) from rhe turbines,

ryrn va!! qsrer than properry wirh no view of

turbine. If the sen,ice entrance and r¡erer,,,,.
on the other side of tl ! '' r'

you are prannins," ï;lïiiå,;Jï,ìlï:.
the best route for the laying,fr. po.,r..,. ..if.ì
to the service entrance? Are there anv sì¿"
waJks, driveways, or roads in your p",h? H;;
will you cross rhem? These are 

-imporrrrnr

questions, because rhe ansrvers afifucr iie coy
of installing the wind sysrem. Thel.a__sc :I.-¡cr_
mine how difficult it rvill be ro rn€er cerrrrin
institutional restrictions, such as the Nationar
Electrical Code in the United Stares.

lrr v4rLrc raslcr flìan pIOpefry 'wlth 
nO VIeW

U'.*@EfË.roTM
Developinent on Local property Values,,' can be dorvn_
loaded from the nonprofit groupb \Øeb site at

! srstít€itio¡naI RestricÉåocns

Equally as imporrant as finding the optimal
site for the wind sysrern is determininÀ rnhar
legal requiremenrs your local .o,*riilnig,
places on strucrures such as wind turbines. In
the United States land-use zoning, building
codes, and protective covenants rnay ail appli.

Planning Fermíssio¡r
Many who have installed small wind rurbines
in North Arnerica have had few problems, if
an¡ with land-use restricions. Either their
property was not covered by regulations, or
where it was permission was quickly and
easily obtained. Many rural areas are nor
zoned at all, and where they are there are prac-
tically no resrrictions on land that is zoned
agricultural. The situation changes as you
near cities, small towns, and residential neigh-
borhoods. There the right to swing you, 

"fir,

ends where your neighbor's nose bÇi"r.
In some rural locales, u,ind turbines are

specifically permitred unless there is air over-
riding reason ro prohibit their us€. I:r
California's l¿rern County, for exarnple, rhe use
of ivind energy is permitred in ceitain desio-
nated agricul.lrd 

"r."r. 
Recentl¡, 

"J"pr.a-r,.åla.vøs prohibit discriminating aaainst rh. ,.rs" cr.
u'ind rurbines reiarirre tc other similar land uses.

In most counrries, planning approva_! (or

w\lnv.fePP.org.

later. Theyie easier to avoid than to solve. For
example, a buried telephone line crossing your
qath m.a¡ cornplicate digging a trench forìayi.,g
the cable underground. Iãeaily the electric
sen'ice from dre w.ind machine i¡.,iil enrer rhe
buiiding near where the udli¡,,s lines also enter.

In tire pasr it \Ã?s comrnon for installers oi
smali u'i:rd turbines ro string the pon,er cables
on poles jusr like rhose oí the electi.ic utility.
The consensus toda), is to bury all conduc_
tors, N.heihei fu¡ a small cr rnedium-size u,-ind



more broadl¡ the placing of restrictions on
how land is used) is a responsibility entrusted
to local governmenrs by the public r.o, proreer
general health and welfare. Officials will want
you to show how your use conforms to the
public's general agreement on what can and
cant be done on land within a designated area.

Public offìcials have a moral and often legal
obligation to trear you fairly. Above all, plan-
ning offìcials shouldnt discriminate 

"g"irrrryou because they're unfamiliar with wind tur-
bines. Theat them cordially. One thing is cer-
tain: if you need a building permit, a zoning
variance, or another form of planning
approval, you wanr them on your side.

Siring

rosebush for years, you'd better make amends.
Objecdng ro your building permit is a great
opportunity ro even the score. you can head
off conflict by respecting the needs of your
neighbors. Tieat them in the same way you
would like them ro rrear you.

. 
At a minimum you will be required ro pro-

duce a plan or map showing the dimensions of
your site and where the tower will be located.
You c¿n prepare this yourself, Drawings of the
wind turbine, rower, and foundatiãn with
their specifications may also be required. The
dealer or manufacturer .an supply ihes..

Planning laws follow one of ftvo
approaches. One allows you ro do whatever
you wanr, unless specifically prohibited. The
other approach prohibirs you from erecting
any strucrure unless ir is specifically per_
mitted. SØhere the latter approach is used,
your application could be denied simply
because no one has ever insralled 

" 
*i.d t.ri-

bine before.
In communities where this is rhe siruarion,

you can sometimes get permission for a wind
machine by bringing it under a permitted cat-
egory such as radio or cell phone rowers, TV
antennas, or chimneys. Building officials may
be empowered to make such a determination.
If not, formal acdon before a public board is
necessary. These officals musr derermine if
your use conforms with the intent of the ordi_
nance. NØhere it doesni, or where the ordi_
nance specifically excludes wind turbines or
similar strucrures, you musr obtain a variance
from the regulation.

In the United States the zoning appeals
board or board of adjustment i, in. n""t
arbiter of permit approval disputes. This is a
political bod¡ and if there's a public ourcry
it'll respond accordingly wirhin the limits of
the law. Variânces-variarions from the law-
give the zoning appeals board flexibility in
meedng local planning objectives, rh. prár.c-
tion of the common good without und.ue
restrictions. The board members will want ro

l¡,¡g u¡ere a.bcolu'qnol-eÄ 
% 

-Hfv"

co*F-j t ' .
! ' .
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Jtont yo.tt tl.ighbor.r' ur. of .hFlã@ñ
the value of surroundi"gi;Ëñ;"a"r,_
gers passersby. The burden of proof is on you,
the petitioner.

know whether your wind turbine detracts these people will larow hou, best ro cleal rvirh
them. For example, the restrictions niav'trr
unenforceable.

Also note the locarion of any €âs€rnÊDrs on
your properry for utiliry rights_oÊuay: In rhc
United States, easemenrs transfer use of the
land without rransferring outright o\lnership.
Easements are commonly used for a hosr of
public purposes: power lines, unjsls¡ou¡,1
relephone cables, pipelines, future ,Jìd, u,.
sidewaiks, and so on. These coulci ail lì¡nir
your use of the land. you may be unable ro
encroach on rhese easements with your wind
turbine even rhough vou own the land, there
are no resuictive covenaltts, and 1,6¡¡ obtained
all the proper planning approvals.

Building offìcials are somerimes bervildered
by a request to install a wind turbine.
California's San Luis Obispo Counry officials
demanded engineering calculations ro assure
them rhat Jim Davis's $1,000 wind svstem
wouldnt pose a hazard, ro rhe public. íhor.
calculations would have cost D"rri, 

" 
r.vhop-

ping $5,000 if the wind turbin. -*uÊ".-
turer, Southrvest \Øindpower, hadnt faxed
him an ll-page document that sarisfied
authorities.

. 
Bergey \Øindpower's Mike Bergey likens

the permit approval process in some srares ro
"medieval torrure." Some projects have taken
seven monrhs to obtain a permit, salrs
Bergey-far longer rhan the time needed to
build, ship, and install the turbine.

Through experience, other building offì-
cials know what they need to ensure thai wind
turbines are installed properly. Jonathan Her¡
for example, didnt have any problem winning
appror.al to install an Air 403 in California,s
trendsetting Sonoma Counq'. "I got the
building permit over rhe counrer," h. s"vr.

iil
: i ,

Frequently the granting of a variance is limle
more than a formaiity. you may not even need
to be present. But if the board has suesrions
that you have not answered previously, or if
the va¡iance is contested, yorr'il ,r..d to b.
presenr and you'll need to be well prepared.
On occasion unfamiliarity with *irrå ,rrr_
bines-even today-will fuel wild speculation
about what they will do to the neighborhood.
Often these fears can be quickly dis=pelled with
the facts. Sometimes they cant. \X/h.. .o.r_
tested, the public hearing can take on rhe
appearance ofan expensive courrroom barle,
with opponents bringing in their own ,,experr
witnesses" to counter your âssertiorrr. It a"n ba
rough----even humiliating_if youte unpre_
pared, or if the hearing officers lose contrå of
the meeting.

, 
Y:" have a right to a fair and impartial

hearing. You also have a right to 
"rguå 

yor'r,
case without intimidation-physical or verbal.
Public meedngs can quickly á.g.nerat. into
mob rule if public officials and meedng organ_
izers dont limit disruptive behavior. iou ñ"lr.
an obligation ro srem rumors by immediatelv
responding to wild or oudandish claims. Insií
on proof or documenration of unsubstantiated
charges. The list of real or porenrial problems
wind turbines might cause cå.n be endrless, lim-
ited only by the human imagination. Hearing

:F:.* 
have an obligation to maintain civiliry.

If they cant--or, worse, wont-hold them
responsible.

In suburban housing developments or
planned communiries, ãeeds m"" .ont"in
restrictions, or covenantr, on ho* the land
can be used. These restrictions are intend.ed. to
presen/e the identiry of rhe neishborhood.
Täke a look at your deed. Oi call your
attorne,v, realror, or morrgag. .o-p"rrf fo.
information. If rhere are anjr restrictions,

Height Restricrions
The most frequent limitation on dre use of
sma-ll r¡,ind turbines is a restriction on rhe
height of the rowei. In most residential areas
of North Arnerica, there's a limit to the heisht



In the United States when the height of the'; :, to\ü€r plus one blade length e*c.eds 200 feet
i,, (94 m¡, oryoutewithin l-mile (1.7 km) ofan
.j: ' atrPort, you musr register your plans with the
,. r {lder¿ Âviation Administration (FAA). This-.." .. . ï,
,,. , 

tll:*r the FAA ro note an obstruction to avi_
:,,,: 1 ftron on maps and alert pilots to the hazard.

:li i.rl*il.yind turbines normally operate well
,îii$l"I., ,ljs. threshold, and no permit is

,fS,:de,d: If there is any doubt aboui rhe need

ffi_of+ru.tion marHng, building officials
fi; 

forward a notification to the FAA or
t:11-y-" to do so as a precaution.
*s-t¡lli' rnedium-size iind urbines and

western North ,{meric¿ where ,h.ã"r. f.*

oÊ ourn fq¡Ås *Ft
*^d $t"*- \itL.o.o
! -  . .  . r  I ife.r'5 fi^" d.,;l
hnorcJ, ù hjor

of srrucures, usually j5 feet (l l m), a relic of
the days when fire brigades had to pump
water by hand. Variances ro such ordinances
can be obtained by pointing our other struc-
tures taller than the limit that have been
allowed under the zoning ordinance: rad.io
towers, chimneys, or utiliry poles. (Local offì-
cials seldom have conrrol over utilities.)'When 

wind farm developers or users of
medium-size wind rurbines are hampered by
such archaic resrricrions, they can afford the
legal assistance needed to change the law.
Those wanting ro use small wind turbines
often are unwilling or financially unable to
fight such height limitations.

In Great Britain some rural residenrs
simply opt for a shorr rower ro avoid the cosr
and the all-too-frequenr controversy sur_
rounding a requesr to install an 

"pproþriate-size rower. Similarly, North Americans also
somerimes opt for the path of least resisrance.
NRELs Jim Green documented one case
where the application for a permit ro use a
tower taller than the 35-foot limit cost more
tha¡ the wind turbine. This may explain why
Green found in a survey of six small wind
installations in Colorado that ..every 

wind
turbine I saw could have benefited froÅ beinn
on a taller tower." 

Ô

Obstrucdon Marking
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Figure 13-5. Obstruction marking. ltalian authorities required obstruc-
tion marking of the towers (bands of red and white) on these Vestas V44
turbines above Montefalcone di Val Fortere, northeast of Naples, to alert
pilots to the turbines, presence.

increasingly rall towers that exceed rhis
threshold. To grant a permit the FAA will
require the use of a high-intensity flashing
white light, or will require you to paint
obstruction markings in red and white on th.
blades, tower, or both. Iyf-ost of the verv tall

Jlgblln daytime these lights ;r. ;rh.rt."ily
preferable to the red-and-white banding seen
on tall srructures near airports, bui th.y

stafs
turbines are being installed on igher



Wind Power

height threshold_lO0 meter.s (32g ft)_
before acion is required. Even so, regulations
differ f¡om one country to the neît. Italv,

reacdng ro rhe tragic collision of ads%.** Iow_flying U.S. Ma¡ine Corps fighrer
, 

No passerby jet with 
"a 

ski fiC gondol" full of
has ever been skiers, has ,.quirå obstruction

injured or T1fr"g of relatively short towers on
killed by a :t:gjtlqt 

in theApennines (see figure
,, . t3_5, Obstruction marking).Tailiu._wtnd turb¡ne. bines in Germany are required to"*% 

have obstru.don L"rkings only on
the rotor blades. Early megawatt_size

turbines in Germany incorporated a series of
red-and_white_alternating bands on the
blades. Laier turbin., urå.rl1, one red band
on rhe ourer thi¡d of the blade.

Ftrhnic Safery
The public has a legi..i¡irate inie¡e.sr in rhe
saíeq, oil-'i,ind rurl-in'es and the hazards they
!na-Ì¡ pose. There's no point ir hiding the åcr

that several men have been killed ,r.hilc
working on or around wind rurbines. And
one parachutist was killed on her firsi unas_
sisted jump when she drifted into a v,rnd tur-
bine on the German island of Fehrmain. But
no passerby has ever been iniured or kiiied bv
a wind turbine.

ìØind turbines, like any large, rotating
machiner¡ should be treated liirh resoecr.
but there is no reason to fearuh.- unã,rl.,'.
In many parts of the world, wind turbinås
are parr of the communiry and found in
public places (see figure 13-b, Stroll thrcLrgh
the park).

In som. communities in Nbrth ,{me..ri;¿,
to\4¡ers must be set back frorn the DioDeraf-
Iine a distance equal to tjreir height.'Oi-,,î.iao
reason that if dle rorver fell or.er it r¡,ouici ror
extend be;zond the usert ÐroperÐ¡ and presei.
ahazard to neighbors. trív-our lot is too sr-rli
to permit dris, ;r6u rììê;; p,,¿¡¡ io recoi-isife;
v,inC pcrvei. Llnfortunarelr. this restnctol:

r
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Figure 13-7' A swiss watch it was not' Twenty years ago wind turbines were much less reliable than they are today.while it was uncommon even then for a winá iurbine"to clestroy itserf, .or" ¿¡J. in¡, swiss wenco operated onrybriefly before failing in californiat rehachapi Pass. All similar turbines *"r" 
"u*trrtty 

removed after a complaint bythe Siena Club that they were alsyesore._

discriminares against wind turbines compared.
to other common strucEures.

\Øe rhink nothing of other human-made
and natural hazards that pose a risk similar to
if not greater rhan that of a wind turbine.
\Øeie all seen homes sheltered beneath the
branches of an old oak rree, where occasion_
ally a storm-weakened limb crashes down
onto rhe roof. \Øe accepr this hazard as rhe
price we pay for the benefits the tree pro_
vides-shade and visual amenity). 

^

The same is true for radio ánd television
towers.-ln many ways rhey are similar to
towers for wind machi.r.r. ih.y are made of
metal and extend visually above the roofline.
rtrc public has grown ro accept them, and
il*ur: rheir failure rate is so low, us.rsolten. install them adjacenr ro occupiedbuildings.

.alermitting aurhorities will be concerned
"'lct /our tow-er could collapse. you musr

show them that the ro\4/er meets international
standards for wind urbine design and appli_
cable building codes, and that similanoï..,
operare throughout your locale in a host of
severe environmenrs without incidenr.
Though to\Ã/ers have failed, rhe occurrence is
rare and far less frequent than that of falline
trees or utiliry poles.

Følling Bkdcs
Authorities will also be concerned thar rhe
wind turbine could throw a blade or, worse,
fling itself off the rower. \X/hile infrequent,
neither of these is unknown (see figure l3-7,
A Swiss watch it was not). Once again, you
must convince planning ofûcials rhar the
wind machine has been designed and built to
accepted international standards and rhar
there's little likelihood thar it will throw a
blade into the midst of a neighbort lawn
Parry.
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You can best reassure offìcials that your
wind turbine won'r become airborne by
citing the number of like turbines operating
elsewhere and the number of years these tur-
bines have operated without incident. Thus it
behooves you ro select a wind system with a
proven track record: one where a host of
units have operated reliably in a variery of
applications for several years. If you plan to
install a new, untesred, or experimental wind
turbine, expeff authorities to demand more

restrictive setbacks than for *in¿ ,u.bino ¡åïi
widespread use. 

æ
,.êiii

Følling he r,.'fjÌÏj
A related quesrion in cold climates is ¡$ì
throw. Under cerrain conditions, often durialf,
cold winter nights when the wind turbine,fiil
becalmed, ice can build up on the blades]l
During the day sunlight warms the ice, loos_
ening it so that the slightest modon seß rhe
ice moving down the blade (see figure l3-g,'Watch 

for ice). Occasionall¡ as at the 600
k\Ø turbine outside the Bruce nuclear power
station at Kincardine, Ontario, the turbirie
will throw the ice some distance. lW'hile no
one has ever been injured by falling ice, it's

I  l .prudent to discourage people from walking
near the turbine during ice srorms or shortly
thereafter.

Ice is a common and accepted hazard in
cities with severe winrers, such as Montreal,

Quebec. In such cities buildings have provi-
sions for breaking rooftop ice sheets into
pieces to minimize the hazards they pose
when they eventually slide off. Similarly, some
medium-size wind turbines destined for
northern climes are consffucted with heated
blades that shed ice as it forms, so rhar ir
doesnt become ahazard.

Attrøctiae Nuisønce
The fear that a wind turbine could become an
attracdve nuisance-that is, attract the atten-
tion of vandals or children-is unique to
North America. Generally a properrF owner is
not liable for accidents ro rrespassers, bur a
different test is applied to the acts of children.

Swimming pools are thought ro endce or
attract children ro üespass. Bec¿use children
cennot discern the hazard presented by the
pool, the community views it as a public nui-
sance, and ifan accident occurs, a court cân
hold the owner liable. Permitting regulations
allow attractive nuisances when they have met
requirements designed ro prevent accidents.
Swimming pools musr be fenced, for

Figure | 3-8. Watch for ice. This sign at the Acqua Spruzza test site in
Italy's Apennine Mountains warns, wtND TURBINE, wArcH FoR tcE.
Europeans typically urge caution around wind turbines, but seldom
exclude the public. In this case fal l ing ice could be a hazard, but only
during winter storms when few peopre are likely to visit the windsweot
s¡te. Note that the roof and facade of the control br¡ldinq are con_
stucted of native materials as used on similar structures ersewhere in
this region.
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exemple. The same ordinance may require
thar towers, such as wind turbine towers, be
fènced as well.

Fencing isni the only way ro prevenr
someone from climbing a wind turbine rower.
Elecrric udlides seldom use fencing. On their
transmission rowers they simply remove rhe
climbing rungs ro a level 1O feet (3 m) or
more above the ground. you can d.o the same
on a freesranding truss tower. Or you can
rvrap.the base of a guyed larice to*., ir, ,h..t
metal or wire mesh. These alternatives should
L .uc acceprable to planning officials because

l.n.l ":.:nrplish the same goal as fencing
tvntlc being less obtrusive. Urilities seldom
clect fences around their utiliry poles or trans-

:ï::" 
rowers. Imagine the outcry if .r,.ryutttrry pole required a fence.

- 
Medium*ize wind turbines on tubulartowers have no need of a fence ; p;;;

T::::Til*Í entry (see figu.. r3-e, Ë;.¡";'"necesary). The massive doors to thes!towers are securely locked. No child or

common vandal could climb these towers. Of
the thousands of wind turbines operating in
Europe, nearly dl are fence-free. Fencing of
tall suuctures to thwart access by children and
vandals is a peculiarlyAmerican phenomenon.

Avoid fencing wherever possible. Fencing
increases rhe aesthetic impact of wind tur-
bines by drawing unwarranred attention to
the rurbine with rhe message, I am dzngerous;
sta! aaqt Or the equally offensive, This is my
wind turbine. Keep your hønds ofi In the
Ghachapi Pass, unfortunatel¡ wind farm
operarors do both. They shield rheir wind tur-
bines behind barbed wire and post signs that
say KEEP OUT.

Aesthetics
Fences are just one facer of whether a wind tur-
bine becomes a respected member of the com-
muniry---or an unwelcome intruder. For some
the appearance of a wind machine on rhe skF-
line is symbolic of responsible stewardship-a
step toward a sustainable future. To others it's
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Figure 13'10' visual uniform¡t/. Thjs pleasing array of Ecotecnia turbines on Spain's Galician coast near Malpica ispartly attributable to the visual uniformitv of the túrbines.

indusuial blight and a call to arms. Concern mo$ important step planners can take ro suc-
cessfully integrate wind turbines into the
community. The turbines need not be iden-
tic¿I, but they must eppear similar (see figure
13- 10, Visual uniformiry).

fu with any business, some wind projects
succeed and some fail (see figure 13-11,
Headless horsemen). The community has a
right to demand that operators repair or
replace any "headless horsemsn"-¡6\¡¡s¡5
without turbines on rop. If the turbine is not
returned ro operarion, then the turbine,
tower, and support equipment should be
promptly removed, and the site restored to its
pre-project state.

Avoid visual clutter by designing arrays
with open spacing. Dont place the turbines
too close together. One Têhachapi wind farm
operator placed his turbines so close rogerher
that their rotors tangled and the rurbines had
to be repaired, then moved.

There are already roo many billboards lit-
tering the countryside. \Øind turbines

liqhtlv.
Much has been written about the place of

wind turbines in rhe landscape and how to
minimize their visual intrusion. For more on
the topic, see Wind Energy Comes of Age,
Wind Power in Viea and Wind Tarbinìes and
the Landscøp¿. \Øhat follows are some general
guidelines. Most fall under the rubric of ,.Be a
good neighbor.".

Mediam-Size Turbines
\Øhile medium-size and larger wind turbines
are installed as single units, like small wind
turbines, more often theyie installed in clus-
ters or large arrays-wind farms. \When there
are more than one or two turbines in visual
proximiry to each other, it is critical ro pro-
vide visual uniformity of turbine, toweS color,
and direction of rotation. This is the single
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Figure 13'11' Headless horsemen. Dead and dying windmaster turbines on a wind farm in Californiat Altamont hss.wlren wind turbines are no longer "used and usefuì," they and their supporting ¡nfrrtrr.trru should be promptly removed.

shouldni contribute to this visual blight.
Dont paint billboards or corporare logos on
the tower or nacelle, and specify that the man-
ufacturer provide a nacelle free of corporate
advertising. The logo on rhe side of Vestas,s
turbines is the size of rracror trailer, bur the
company will provide the nacelles logo-free_
when requested (see figure 13-12, Logo-free).

Bury all intra-project power lines and the
transmission lines leading ro the project site.
Aboveground porver and transmiriioÁ lirr., 

",large wind projects detract from the orhe¡wise
rural characrer of rhe landscape, giving such
projecrs an industrial feel (see fig.rr. la_t:,
Burt.power. Iines).

AJways dress the turbine properly. Some
manufacturers, such as Atlantù Oìi.rrt, 

"r. 
,o

ln*l: 
on cutting costs that they will sell andtnstall wind turbines withoui nose cones

|s.Ptnners) or nacelle covers. These wind tur_

.lll.: "pp."r angular, mechanical, and, in awrJla, ndustriol. They say ro neighbors, 
.[Ze

*ont ca.re what yozr thinþ. Simii"rlv, ,o_.

Figure 13-12. Logo-free. Corporate logos on the sides of
rvind turbine nacel les are an unnecessary visual distrac-
tion from their clean lines. Riverside County prohibits
logos on wind turbines, as here on Vestas.s V27s near
Palm Springs, Cali fornia.
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Figure l3-14. Dress turbines properly. A Kenetech KVS
33 operates in the San Corgonio pass without a portion
of its nacelle cover. Kenetech (U.S. Windpower) turbines
were notoríous for losing their nacelle covers, which
were seldom replaced.

Figure 13'13. Bury power lines. Minimize visual intrusion by burying power lines and removing all ancillarytru.*ä ,,j,
from among the wind turbines. where possible, place transformeis ¡ñside the tubular towers oftãn used on rg¿'iu; 

-- 
.,. ,ri

size and larger turbines. (Chris Blandford Associates) . :i;:,

'  ' , i i

California wind farm operarors, in a mis-''li,
guided drive to squeeze every la$ cent out of ;.,
aging turbines, remove the nose cones end 

'j

nacelle covers or fail to replace them when ,¡i
they blow off(see figure l3-I4, Dress turbines 'rÌ
properlr. Tirrbines in such projects become'i
"junþards in the sþ" fueling wind energ¡it j:i

detractors.
Control erosion by minimizing or elimi-

nedng ¡oad construcdon, especially in steep '

or arid terrain. Too many unnecessarily wide
roads can give an otherwise well-designed ,r

wind project the appearance of a mining site, '

instead of the pastoral scene wind advocates , ,

envision for the technology (see figure l3'I5, .
Control erosion). :

Harmonize ancillary structures with other
structures on the landscape. Ancillary stttlG- 'r

tures on a wind project should blend in *it'l

their surroundings. At the Italian test site of ' .

Acqua Spruzze,cãntrol and transformer build- 
:

ings weri built to resemble other rural build-
ings (s.e figure 13-8, 

'Watch 
for ice). IØhen -

Zllkùte Renewable Energy needed an officß-,|

building and maintenance shop for its Top of

Iowa wind plant, it could have.hor"n aty2ical ;)
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Figure 1 3-1 6. Architectural transformer treatment.
Where transformers cannot be placed inside the toweç
transformers should be shrouded with an architectural
treatment. The transformer on the r¡ght incorporates a
facade to harmonize wlrat otherwise would be an inclus-
tr¡al structure with other nearby structures on the land-
scape. Open-cell concrete pavers harden the access
track to the NEC-Micon tower on the left, allowing rain
to percolate through to the groundwater table. This tur-
bine and the Lagerwey 1Bl80 in the background are
owned and operated by Noud de SchL¡tter, a Dutch
farmer in the Wieringemeer polder north of Amsterdam.

Figure l3-15' Control erosion. Erosion gullies from excessive road construction in the steep, ar¡d terrain of California,s
Tehachapi Pass give wind energy a black eye.

slab+ided metal building. Instead it took an
abandoned barn and adapted it to company
needs. The barn was more in keeping with
other nearby fa¡m buildings, Zllldra decided,
than the industrial srrucrure it would have
used. Similarl¡ transformers should be placed
inside the rower; where that's not feasible they
should incorporate a facade that obscures their
industrial features (see figure 13-16,
A¡chirectural rransformer ffeatmenr).

Operators of wind projecrs should pick up
anv lirter on their sites and eliminate on-site

::orage of spare parts, damaged wind tur-
btncs. oil drums, and other industrial detritus.
Trash and iitter quickly make a pasroral array
or clean, modern wind turbines inro an indus-
trial. site that just happens to use wind
machines (see figure l3-l1, Remove limer and
ooneyards).

Small Tiu.bines
ManuFacrurers of small wind turbines havepaid fàr less artention ro aesrhetic desien than
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Figure l3-17' Remove litter and boneyards. Discarded wind turbines, blades, gearboxes, and other deb¡is litter theformer Zond site in the Tehachapi Þss. s;" .l;;;andoned turbines in the-bickground have since been removeo.

bines. (There are for wind power plants, but
the t'wo applications are quite different.)

ff someone objects on aesrhedc grounds,
point out similar süucrures on the horizon
that weie learned to tolerate, if not accept.
You have as much right to erect a wind
machine as the local radio station has to install
a to\4,€r or the utiliry has to string a ffansmis_
sion line across rown. \ùflhile itt true that the
utiliry's power lines and the radio's broadcæt
tower provide communirywide benefits, each
person benefits individually. your installation
of a wind system differs little from the utiliry
building a power line to your house. The
appearance may differ, but the purpose
remains the same.

Dont overlook some obvious ways to adapr
the turbine to the community's or your o\ryn
tastes. Patrick Campbell is a Kern County fire_
fighter who has operated his Bergey Exceísince
1998. Campbell is the type of cusromer who
knows what he wanrs. And what he wanted
was a wind turbine that matched the color of

manufacturers of larger turbines. Some small
tu¡bines are crude contrapdons that e reason_
able.pe_rson may nor wanr in the neighbor-
hood. One, the l9g0s Jacobs, is an urigainly
design thar looks like ir came directly do- 

"1930s machine shop, which it diá. Manv
manufacrurers of small turbines could us. 

"good industrial desiener.

. 
rry to rncorporate the community's wishes

when youie considering the rype oÉ,o*.. ,o
use. There's much less objection to the clean
lines of a tapered tubular toïver than ro a
wooden udlity pole. Likewise, a tubular tower
is more pleasing in foreground views than a
truss tower. However, úuss and lattice towers
should be considered. In distant views, guyed
lattice rowers and rruss rowers become ã.árl ,
invisible. From an aesthetic p.rrpectirre, th.
type of tower that's mosr acceptable (whether
truss, guyed lattice, or tubular) depends on
the viewpoint and the distance betïeen the
observer and the rower. There are no defini_
tive aesthetic guidelines for small wind tur_



his home. Bergey \X/indpo,,ver obliged and
painted the turbine to match. "Any cusromer
can requesr ir," says Campbell, but few do.

Avoid garishness. Don't string lights from
rrour iurbine for any reason. Be respectful of
vour neighbors and of the night sþ. It's our
common heritage to be enjoyed by all.

¡Ê
4 Noir"

Anti-Wind Groups

There are organized anti-wincl groups in mosr coun-
tries. These groups a¡e distinct from and should nor be
confused with envi¡onmental organizations that nrav
have legidmare concerns 

"bor.rt 
ti. impact of large

wind projects. Environmental organizations generally
supporr the use of wind energy, though they may
object to specific projects. Anti-wind gronps oppose all
wind energy for political or cuhural reasons. Some of
these groups are well funded, sophisticated, and utterly
ruthless. \7hile their ire is generally directed at wind
farms, their broadsides dont make distinctions. They
paint all wind turbines (large and small), all projects
(big and little), and all wind turbine users (individual
and corporate) with rhe same brush. These groups
share information elecrronically. So dont be surprised
if someone sreps ro the podium at a public hearing in
Pipestone, Minnesora, and starts talking abour wind
turbines in Ryd-y-Groes, \Øales, or rhe Causse du
Larzac in France.

Like the appearance of a wind turbine and its
placement in the landscape, noise is anorher
frequent community concern. This concern is
fueled in part by old reporrs of noisy wind
turbines that were installed in California's San
Gorgonio Pass during the early 1980s or by
the giant General Electric turbine that oper-
ated briefly-very briefly-near Boone,
Norrh Carolina. The wind turbines that were
the source of the problem are long gone, and
manufacturers of medium-size wind turbines
hal'e made great strides in reducing noise.
That's the good news.

The bad news is that manufacturers of
small wind turbines began addressing rhe
problem long after manufacrurers of medium-
size turbines, and only after some customers-
and their customèrs' neighbors-<omplained.
One model, Southwest \Øindpower's Air 403,
was parricularly notorious, though other
brands u,ere equally at fault. Fortunately man-
ufacturers of small turbines are finally heeding
customer demand for quieter products.

. 
N.oise is especially critical to siting small

',vind turbines because, as Carl BrotherJ, man_
aqcr of Canada's Atlantic \Øind Test Site,
notcs, "rhe smaller they are, the closer they are
l¡t(cl\i fo be piaced near someone's house."
Ifick Sagrillo, one of rhe founders of the
Midwest Renewable Energv Fair, says, ,,Noise
has a lor to do with 

"...päbili.y.,,Âccordingt| rhc outspoken Sagrillã, th. public's occa_
stonal rvariness toward small turbines could
¡tvifrtl:' shift to outright prohibition if noise¡snì addressed.

silent. \Øind turbines are audible ro people
nearby. lVhether it's "noisy'' or nor is far more
difficult to determine. \Øind turbine noise is a
field where the technical and the subiective
meet head-on.

Noise, unlike visual intrusion, is measurable.
And because noise is measurable, neighbors will
"uansfei' their concern about wind energyb
aestheric impact to the increas. in bacþro,irrd
noise attributable to wind turbines. Ifwind tu¡-
bines are unwanted for otåer reasons, such as
their impact on rhe landscape, noise serves as
the lightning rod for disaffection.

All wind turbines creare un\ryanted sound,
or noise. Some do so to a grearer degree than
others. And the sounds they produce-the
swish of blades through the air, the whir of
gears inside the transmission, and the hum of
the generator-are typically foreign ro rhe
rural settings where wind turbines are mosr
often used. These sounds are nor physiologi-
cally unhealrhful; rhey do not damage
hearing, for example. Nor do they interfere
with normal activities, such as quietly talking

fl;d ?P rn q¿t
x  n  v t
Yte.Y-qe- L4t nln
'to d.ro P rïs'nb''s¿
ïes+ú.ìon9?.

f)es.pire all the technological progress,operating rvind machine is or will ever
no

be
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ro your neighbor. But the sounds are new and
they are different.

Those who live in the rural settings where
wind turbines are best suited do so because
they prefer the peace and quiet of the country
to the noise of the city. Longtime residents are
accusromed to the relative quiet of rural life.
They are familiar with the noises that exist,
and have lea¡ned to live with them or even ro
find them desirable: the wind in the trees, the
chirping of birds, the creaking of a nearby
farm windmill, the hum of the neighbor's
tracror. Rather than being nuisances, these
sounds reinforce the bucolic sensadon of
living in the country.

The addition of new sounds, which most
residents have had litde or no parr in creating
and from which they receive no direct benefit,
can be disturbing. No matter how insignifi_

.^ 
cant they may be in a technical sense, these

>, new sounds signify an outsidert intrusion.
-_ü The effect is magnified when the source, such

(ô k: 
* a wind turbine, is also highly visible.

u  E . ç
-S cs3 Decibek
-f 

?á Firsr, some background. Noise is measured in
+ S+ decibels (dB). The decibel scale spans the

il Y 
a range from the threshold of hearing to the

å T threshold of pain (see table 13-1, Typical
S 3 Sound Pressure kvels in dBA). Furth.r, th.

. å : scale is logarithmic, not linear. Doubling the=a- 
; po\Mer of the ¡6i5s 5es¡çs-5ay, by installing

P : two wind turbines instead of tne-increases

_ü å the noise level only 3 dB. This alone causes
/â=ã more confusion about noise than any other
d-õ especr, because a change of 3 dB is the smallest
ù 9gf 

changl most people can detect. Thipling the

"l t 
''' acousric energy increases sound level 5 dB, an

i ð increase that is clearly noticeable. It takes l0_ l

J1! times the ecoustic energy to raise rhe noise
l-- I level l0 dB and double its intensity, or sound

n¡¡ice as loud.
For most discrete sources, such as wind

machines, the distance to the listener is just as
important as the noise level of the source. As
in table l3-1, whenever noise is presented as

Table 13-1

ical Sound Pressure Levels in dBA

Threshold of pain
Ship siren

Jet engine

Jackhammer
Freighr train
Vacuum cleaner

Freeway

large transformer
'Wind 

in trees

Lighr traffìc

Average home

Quier rural area ar night

Distance from
the Sou¡ce

(ft) (m)

T
100 30 i
200 6l i

roo 30 ¡ò,i:ì
t0 I 7g,,,:i+

r00 30 70. i:,
200  6 t  ! 5 ' : ,
40 t2 55 ",,

100 30 50
50
35

Softwhisper 5 Z 30
Sound studio/quiet bedroom 20
Threshold of hea¡ing 0

sound pressure levels (SPL), the location is
always specified, or implied, because sound
levels decrease with increasing distance.

W'eigltting Scalcs
The perceived loudness varies nor only with
the sound level but also with the frequency, or
pitch. Human hearing detects high-pitched
sounds more readily than those low in pitch.
The sound of a complex machine such as a
wind turbine is composed of sounds from
many sources, including the swoosh of the
wind over the blades and the whir of the gen-
eretor. Fach source has a characteristic pitch,
giving the composite sound a characteristic
tonal quality. rüØhen measuring noise we rry ro
take into account the way the human ear per-
ceives pitch by using a scale weighted for
those frequencies we hear best. The A scale is
most commonly used. This scale ignores
inaudible frequencies and emphasizes thosel
that are mosr nodceâble.

Impulsive sounds, those that rise sharply '

and fall just as quickly-like a sonic boorn,
for example-elicit a greater response rhan
sounds ar â consrant level over time. \øind



machines using nvo blades spinning down-
wind of the rower emir a characreristic whop-
whop as the blades pass through the rurbulent
wake behind the tower. This impulsive sound
and its effect on those nearby mey be missed
by standard A-weighted measurements. Many
of the complaints about wind turbine noise
near Palm Springs in the earþ 1980s were
directed ar the impulsive noise from rwo-
blade, downwind turbines. Noise containing
pure rones or impulsive sounds is perceived as
louder than broadband noise. Broadband
noise, such as the aerodynamic noise from the
wind rushing over a rurbine's blades, is com-
posed of sounds across the spectrum of
human frequency response. It is less intrusive
dran either impulsive noise or noise with dis-
tinct tonal components.

Exceedance Leaels
.Another component of noise is time. Noise
ordinances specify a noise level that musr nor
be exceeded during a certain percentage ofthe
time. This complicates the task of estimating
awind rurbine's noise impact. Unlike trains or
aiqplanes, which emit high levels infrequentþ
tluoughout the da¡ a wind turbine may emit

l fa¡ less noise, but do_ so con4nuously for days
j t .ndso*.n"d@

Siring

a standard ofL16, because 90 percent ofthe
time rhe noise musr be below 45 dBA (see
table l3-2, Selected Noise Limits, Sound
Pressure Levels in dBA). \Øind turbine noise
emissions are measured in L.o in order to
calculate the sound power genèrated by the
turbine.

Noise Propagøtion
Noise levels decrease with increasing distance
as the sound propagâres away from the source.
Under ideal condirions sound radiates spheri-
cally from a point source, such as a helicopter,
end for every doubling of distance the noise
level decreases 6 dB.'$7ind turbines, holever,
seldom hover high above the ground like a bal-
loon. They are ea¡rhbound, and their noise
emissions spread outward hemispherically.

Over a flat reflective surface such as a lake,
noise decays 3 to 6 dB per doubling of dis-
tance. The atmosphere and objects on the
landscape absorb some of the noise energy,
further attenuating the noise over distance.
The Inrernational Energy Agency (IEA)
assumes hemispherical spreading in its com-
monly used noise propagation model. This
simple model also incorporares a modest
amounr of atmospheric absorption.

More complex noise propagation models
accounr for ground cover and meteorological
effects. Both can greatly influence noise levels.
Temperature and wind shear, for example,
refract or bend sound waves from those
expected, and vegetation can aftenuate or
absorb more sound than the IEA model
assumes.

The rate at which noise decays increases
with increasing atmosphe ric absorptiorr.
Relatively close ro the tower, within 100 to
200 meters (300 to 600 ft), atmospheric
absorption has little effect. As distance
increases-for example, from 200 to 400
meters (600 to 1,300 ft)-the decay rare wirh
absorption increases to 7 dB with every dou-
bling of distance. Thus rhe noise attenuated
by atmospheric absorption can be imponant

{
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annoyrng than any other. In windy
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J.egions the sound may appear incessant. The'::,, .,, Iiterature of life on the GreatÞt"i", i, f,rU of' 
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ĉù

(D

5
t¡¡
ô
F

J-
v1
f
rs
r
?õ-

(5

s
f
5-o
3(\

' i .rai-.',,.t}Fh.. tirne-weighting of noise is expressed

;.rä+1+;Ëfh-.noise exceedance level: rhe amount of
e,çhe noise exceed.s a specified value. For
FBte; L1g is the noise level exceeded l0

Ít.-of . the time; L9o, the noise level

$,1.?.U ï*:nt 
of the time; and L.o, the

111¡,sound pressure level, whicilives
1¡efel8r as a varying sound lerrãI. R

of 45 dBA L96 is stricter than



Selected Noise Limits, Sound pressure Levels in dBA
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Table 13,2

Commercial Mixed Residential
Germanv

D"y 6, 60 ,,Night io 4, 40
Netherlands

D')' L.q jo 4j
Night 

40 35
Denmark, I
England' 

-tq 40

High speed Lso
Low speed Lso

Minnesota

D"Y L;o 75 6t 60
Night L:o 75 6i io

Minnesora

Dav Llo 80 70 65
Night Lro Bo 70 ij

Kenr Counry Calif.J Ls.¡ 4,
Riverside Counq, CaJif Lco 45

o)

i0
60
4i

50
40

L lo
Lro
Ls.¡
Lco

75
75

80
80

b )

o)

70
70

60
i0

o )

55
4>

+)
4()

60
50

o)
55
4>

PaJm Sprines, Calif.- I ^^
Notes: rNor to exceed 4

:i;::tg::;i::.äïïi:nearestturbine. fuoi. .liu,^" ",;ii 
'bo 

h.r.re--l*,ricin¿.
'50 dBA if lot is acruaïv used as residenrial. od owr ro cl¿L . 

&
in-proþcting noise levels surrounding a wind 

(-*or,ror" 
wind turbines complicate mer- T-turblne' t.ts further. From relatiuely lon distan..r, frunfortunately mereorological effects vary an effay of turbines appears î 

" 
ponij

with the season' weather Patterns' and time of source, ánd doubling the'number of turbines .-
day' vegetation may vary seasonal'ly, as well. simply doubles the iousric power increasing *Row crops may be tilled in fall when deciduous noise levels 3 dB. As you nea¡h. ,;;l;;r: *
trees also lose their leaves, removing much of they begin tg__eçr as_dlng ¡ource. Til;.;; /
thevegetat ionthatdampensnoisefrãmnearby."tefo,* l i , ' . . f f i . , | t i , ,gor

T:T:: Y::r:*" .îighttime terrperaturl distance, and not 6 dB fo; true sphericaf
lnverslons retract sound waves, bending them propagation
back to earth, increasing the noise levãl over Even the wind itself will influence horn,
that estimated by simple models. valley inver- noise propagates. Noise levels are ffpicalli. ,
":* dï'i"g4+{+'"*'-p.d1c5 asirnilar . highei då*i*in¿ffi <
effect. Anyo".@r river

Î]3::i::._:1_::y"d 
o'ryi"gþãìãsrances 

-"Th* .rti-ating the noise emifted by ad"ri"g yt"Errt-gjry.rsions. ,i"irc *
There is 

"lso 
littlãìr no atmospheric ;;ræ **r* 

""a;Ëã[sña*irrñ;;æ;;, .-fip ^L_rnere 
rs arso rrrrle or no atmospheric rrgpl*1ugrer3tãrffig#fyi,llunðtrtaTnry.

" t 
*ð +:?t:tgrton of extremely low-frequency sound. rË;*n-;oiJe, 

- 
u'li[e--Ï;,tru.i. i,,,Ë;i,ttí;

t\ù 
" For these reasons, engineers are hesitant to quanti-fiable, interpreting the results of nA¿v 

::::f::: ,I|ï::t 
atmospheric 

, 
absorption rn-easurernents and -"tñ.-"ti.al projections

into their noise propagation models. Thus the requires almost as much Jbü;;;o--.;;
models remain conservarive . as it does objective analysis.

Òn¿ co-^ oltS suppose-.ll^r$-tL.r_rqolsor r¡hq ?ptnroaeà+he- ets_"Il "or +{ilr ;;*;-;äJ;irl +,^"_
n*__ 111=ftp-1 tnlas- b¿c".r^s*- l+.-o¡ ôo9",,ot u.r.lf fLsJinÇorr',,^o.
h-¡oñ Ë -qe-f o,^-lt,
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Å¡tt!¡ient l{oise

The :otal perceived noise is the logarithmic

sum oíihe ambient or bacþround noise anci

rhe 2rcjected wind rurbine noise. Thus the

noise generated by a wind turbine must

rriwa)¡s be placed within the context of other

fiom the wind turbine may still be identifi-

able aborc the bacþround noise. Conversel¡

rvind rurbines, no matter how quiet, may be

heard above ambient noise at great distances

in the sdilness of a sheltered mountain cove.
The rvind itself often masks wind turbine

noise bru raising the ambient noise level. At

exposed locations there wiil always be noise
tiom the wind whenever t-he wind machine is
operating, because the wind rustles the leaves
in nearby ¡rees or sets pov/er lines whistling.
Despite the masking effect of high winds, a
ivind rurbine will still be audible to people
nearb¡ particularly when they are sheltered
fìom the wind.

The sounds emitted by wind turbines are
crrsilv distinguishable from those of the wind.
The generaror or transmission may produce a
noticeable whine, for example, or rhe passage
of rhe blades may generare more discrete
sou nds. The aerodyn amic swish-szu ish-swish of
threc-blade rotors is a common r.vind turbine
sound. These sounds may nor be objection-
¿blc. but they are detectable. The whir of the
comfìrcssor in a iefrigerator is audible, for
crrrrrr¡rle. but few fìnd the sound obiection-
.rhlc. \61¡s have compared this situátion to
rir.rt .i a leaþ ,.",rc.t. Once recognized, the
:i,r j.,r' iç [,rrd ro ignore-

\ \ '  I

. 
\\ lìcrc rhe background noise level is low, as

tn it clcc¡r r-lllev sheltered from the wind, a
¡ì(\\ noìsc r.r'rav be considered intrusive, par_
trcul:trlv lr night when few other human-
m¡dc sounc{s rrre present or a nighttime
tcnr,Pcrrtrurc inr-ersion has brought aãeathly
nttrh tt¡ rhc 'rrl lq'. \ù.hether o, ioa a noise istnt¡rrsir.c . l.p.n.{i on rhe narure of the noise:

Siting

W¡ll lt Be Heard?

Yes. That's the short answer. if in ihe heat of a pr-rblic
debate on the noise fìom ¿ lvincl ¡urbine or ihat From a
wincl tan¡, resist the temprarion to sar. 1t u,orit lse
hearrl. lt rviil. Avoid the equaily false siaterrent Ylír
¿ultx't hertr it ouer the u,it'¿d itz the trees. They rvill. The
characteristic sounds from a rvind rurbine are distin-
guishable from rhe background noise o[ for example,
the wind in trees at grear distances. \X/hile the noise
may not be obiectionable, it can be detectable to rhose
who want to hear ir.

that is, its tonal or impulse characrer, the per-
ception of the noise source (whether the wind
rurbines are loved, despised, or merely toler-
ated), the distance from the source, and rhe
activity (for example, whether youre sleeping
inside with the windows closed or conversing
with a neighbor in the yard). But no wind tur-
bine, no matter how quiet, can do beter than
the ambient noise. ft is the difference beñveen
ambient noise and wind turbine noise thar
determines how people react.

Cornmanity No ise Standards
Local noise ordinances typically srare rhe
acceptable sound pressure levels in dBA at the
property line or nearesr recepror. Many noise
o¡dinances differentiate berween acceptable
day and nighttime levels, and leveis for sensi-
tive land uses such as schools and hospitals.
The noise levels that wind rurbines mlrsr meer
in Europe and the United States are surpris-
ingly similar. \Øhere they ciiffer is in the
exceedance levels.

California's Kern Counry for example,
limits wind turbine noise to 45 dBA ar Ls.3
for sensitive receptors (see table 13-2,
Selecred Noise Limits, Sound Pressure Levels
in dBA). Lg.3 is the noise level exceeded for
five minutes out of every hour. Minnesota
has two standards: 50 dBA at night in rural
areas at L;¡, the noise level exceeded halfthe
time; and 55 dBA at L16, the level is exceeded
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10 percent of the time, or six minutes our of
every hour.

All communiry noise standards incorporate
a penalty for pure tones, rypically 5 dB. If a
wind turbine meers a 45 dB noise standard,
fo.r example, but produces an annoying
whjne, planning officers dock the offending
turbine 5 dB. The operaror must then lower
the turbine's overall noise level 5 dB o¡ elimi-
nate the whine.

Despite compliance with community noise
standards, operarors of wind turbines ,rill ,un
the risk of annoying their neighbors. 

.When-

ever wind turbine noise exceeds the threshold
of perception, rhere is the potential for com-
plaints. Fluctuations in ambient noise and
variations in the quality or tonal componenr
complicate determining whether wind tur-
bine noise will exceed the perceprion
threshold and stimulate complaints (see-table
13-3, Community Response ro Noise from
Sources Other Than'S7ind Turbines).

If there is a noise complaint public health
officers will measure the sound pressure level
using a sound level merer and will derermine
whether the wind turbine complies with the
applicable ordinance. This was the situation
New Zealand's Graham Chiu found himself
in. He received a free noise test courtesy of the

\Øellington City Council after 
" ".ighboiilcomplained about his Nr 403. Chiu wæ'f

found in violation and the noise control',
officer ordered the turbine shut off-permaj,Ìi
nendy. Violation of the order could cost Chiu"jíi
as much as NZ $200,000 in fines. ,.*

As in Chiu's case, violating a noise ordi_
nance can result in serious consequences,
including removal of the wind turbine.
Though not foolproof; there are marhemat-
ical models that can be used to project noise
levels before a wind turbine is installed. These
models use sound power to project noise
levels surrounding a wind turbine. 

'

Sound Power Leuels
The International Energy Agency's model, for
example, uses the acoustic energy generated by
the wind turbine. Acousticians use field meas-
uremenrs of sound pressure levels (SPL), or Lo,
to calculate the sound po\Mer levels, or Ç.
emitted from the wind turbine. fu if the
similar-sounding names were not confusing
enough, both measures use the same unirs,
dBA. \Vhile sound pressure levels will always
be specified er some distance from the turbine,
the sound power level will always be presented
at the source: the wind turbine itself

The distinction is important. The sound
po\Ã/er level of most wind turbines varies from
90 dBA ro more than 100 dBA. For those
familiar with sound pressure levels, this
eppears noisy. Yet a wind turbine emitting a
sound power level of 100 dBA can meet a 45
dBA noise limit in sound pressure level, given
sufficient distance from the wind turbine.
The sound power level can be found by

(Ç) = (\ - 6 dB)+ lo log (4æR2)

where R is the slant distance from the tur-
bine to the sound level meter, Lo is the sound
pressure level measured by thè meter and
-6dB is a correcrion to the meter reading to
account for using a reflecdve soundboard (see
figure 13-18, Noise measurement of a micro
turbine).

Table 1 3-3
Community Response to Noise from Sources Other Than

Wind Turbines

Amount by
which Noise

Exceeds
Bacþound

lævel

F.stimated

Community Response

(dB) Category Description

0 None No observed reaction
5 Litde Sporadic complaints
l0 Medium rJ7ìdespread complainrs
15 Strong Th¡eats ofaction
20 Very strong Vigorous action

Nore:ThisoUt.*rffi
turbines, and neighbors could be either more or less sen_
sitive to wind turbine noise rhan tl¡ar indicated here.

Source: Haruey Hubbard, Kwin Shepherd, NASA, 1990.



Sound power data on many medium-size

wind turbines is publicly available, for example

in the German \Øind Energy Association's

annual Windcnergie: Marþt¡ibersicht (MarÞet

Ouerlook).There was little comparable data on

small wind turbines outside Denma¡k prior to

2002,when data became available from NREL

and the W-ulf Têst Field (see figure 13-19,

Meæured þw 403 plus ambient noise).
Noise measutements on wind turbines are

recorded for two conditions. One condition is
the turbine plus ambient; that is, the wind
rurbine operating as intended. (At the \Øulf
Test Field, for example, the micro turbines
were charging batteries.) Another condition is
ambient noise alone, or with the turbine
parked. Once the difference between the tur-
bine plus ambient and the ambient noise is
determined, the sound power emitted by the
wind turbine can be calculated.

For most small wind turbines there are
only two conditions: operating and parked.
TheAir series of micro turbines, for instance,
parls the rotor when the batteries are fully
charged. Other turbines, such as Southwest
\üØindpowert \Øhisper H40, divert charging
to a dump load, keeping a load on the
generator and limiting rotor speed. Bergey
\Tindpower used a different approach on its

Figure 1 3-18. Noise measurement of a micro turbine.
Beginning a sequence of noise measurements down-
wind from an Ampair 100 at the Wulf Test Field. The
recording sound level meter is being inserted into the
secondary windscreen mounted on the reflective sound-
board. The sound pressure levels measured by the meter
are used to calculate the strength of the noise emitted
by the wind turbine.

297

Figure 1 3-19. Measured Air 403
plus ambient noise. Sound pressure
level measurements and linear
regression for an Air 403 charging a
constant load at the Wulf Test Field.
These measurements reflect noise
from the turbine plus the ambient
noise, not turbine noise alone. This
is the first of several steps in deter-
mining the noise emitted by a wind
turbine. Measurements were made
at a slant distance of 19.4 meters
(63.6 ru.
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Figure 13-20. BWC BS0 noise meas_
urement. summary. A linear regresston
ol sound pressure level measurements

of a Bergey 850 for ambient (rurbine

. 
parked), charging, and with the tur_

o_rne operating unloaded. The Bergey
850 unloads the generator when the

batteries are fully charged, causing
the rotor.to spin faster, generating

constderably more noise than
when charging. Measurenrenß
were made at â slant distance

of 28.04 meters (92 ft).
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Table 13-4
c

Turbine

of Noise from Small and Setected Medium-Size Wind Turbines

Swept
.A¡ea
(m')

Swept Rated Sound power
r(otor t.rra. A¡ea power @ g m/s @ l0 m/s(m) (ft)

J

4
4

7
8

Gtr)
Data

Sou¡ce

Gipe

Gipe

Gipe

NREL

Ampair 100 0.91
t . t 7
1 . r 7

2.44

.Ãir4o3 ;.;; í 
'råi 

ï ;X ;iAi¡X r.v 4 l.o7 o.z Bo na,uühisper H40 2.13 7 3.jS 0.9 I,u*:, rrg 2.44 s a.e7 0.85
vnargtng

unloaded 82 87
92 97Calorius 5 16 20 4.6 82Gaia 7 23 æ 6.5 88

s:nl :? 41 125 n7 ro3ruflander 13 4 ß3 30 93Gaia ß 4 ß3 ll.6 89Enercon E30 30 98 707 Z0O g, 9gNordex N43 ß Vr 1452 ñ lolNEG-Micon 60 D7 2827 1000 98 lOtEne¡conE66  (16  1 t / -  1z -1  - ^ - -  
'

0.66
r.07
r.07
3.58
4.67

5
7

r3
r3
r3
30
+3

60
66

16

41
43
.*J

98
141

20
38

125
r33
r33
707

r452

87
97

Gipe

Gipe

Risø

Risø

Risø

TÜV
Risø

197 2827
216 342r

99 \find-consult

Vind-consult
101 Windtesr KSTK
103 Vindtest K!ØK

1800 lo r
Note: I Not applicable. Ott

850, horvever. The Bergey g50 unloads the
generaror when the batteries are charged,
releasing the rotor and allowing i, ,o ,"pi.,
faster than rvhen charging. For tibin., stïch
as_rhe Bergey 850, then, measurements musr
reflecr all three condidons. fh. e.rg.y ãlO
is noisiest when it operares unloaJêå (see

figure 13-20, B\øC 850 noise measuremenr
summary).

To compare one wind turbine's noise ro
another's, you must derive the sound power
level, Ç", for a standard wind speed of'g m/s
(17.9 mph), and often 10 m/s þ2.4 mph) as
well (see table.l3-4, Comparison of ñoise

U



Noise from small wind turbines is targçþ a function
of tip speed, blade shape__ _especialþ iá A. ¡ip_a¡d how the turbine ,.g"l"ro p"** i" fri*f. wiilds.
Unlike medium-size .,r-ibirro, ;*y J;;ä;ä
er constant or neer-constant tip speeds; nearly all
small turbines operate æ variable sp*Á. ¡" *ir¿
speed increases, so does tip speed__anJ"";;.

The Ai¡ 403, fór.*"*pl.; *ould ¡.""h 
" 

,ip
speed of 90 mls (200 mph¡ in win¿, oiiôrrV, fzzmph), nearly twice that ãf medium_ri^ .o__.r.i"l
wind turbines. A¡d the tip speed for the X, +OZ
would continue ro increase until the blades begin to
fluner, 

At that point the noise from thè *rUi". t *been descril¡ed variously as like a hoarse,ili.t 
", 

,t.bvzz of a chain saw. Similarl¡,*h.n th. gVö ,¡Ot
controller unloaded the generatoç rhe rotor would
r¡ach a tip speed of n.arÇ T0 mlstf ¡e -plrl. Vrlr¡1.
this may seem modesr in comparison to the Nr 403,
the Bergey pultrúded blade was q"i.. aitr r.* Ao-
the saberlike shape of the Ab 4,03 bl"¿. *J lorrr._
quently was noisier.

,,_Bergey 
turbines have used pultruded fiberglass

,i..gndes slncg the late 1970s. These blades, while
,;. gtt 14 

durabþ, have a drick trailing edge.lim
:.ì,' +m{ter,^a1 aerodynamicist at NREL, ãmrif,,r.o
.,i,Tl.l 

ot the noise from the older Bergey blades to
.,;llT,.h1*,:l]i:g 1dge. rn conrrasr, .r,'. *Jring .ag.1r$the Air 403 blade is so sharp, So,rdrw.st
;r,, .wlndpower wafns users to wear gloves when assem_
it,b'ling rhe roror.

ensures that his tu¡bine always opereres under a load.'V7isconsin 
wind advocar. l¿i.L S"grilì"-..p1"i",

that aerodynamic noise can be *p..;t;";lceable
in small turbines that furl ,h. roår m li*i;;;;;,
in high winds. This behavio, did;*;;;":
design tó anorhèr, with a..rut.iüg ditrè;-.;'in
noise emisisions.

Berge¡' turbines, South¡vesr Vindpower,s Vhisper
series, and African Vind power's d.sþn afl furl th.
rotor horizontally toward the tail ,r*ã. "Th.i.,, t.r,
l:,tt hysreresis in dre A\7p design *d i;.}re.
%t:O.t't 

.angle governor', th"n in"the n.rg.y tìrr.,
says Sagrillo, and this is reflected ¡r, th. r,oir..h"r"._
teristics of these turbines.

Small rurbine manufacturers have hea¡d the mes-sage that noise is a subject that wodr go ̂ *^y.*Noise 
is a conce[r,', says Bergey I7in"<lpower,s Mike

P.tg* In response the Oklahãm* .o*0"rr" t 
",introduced new airfoils to replace ,lr.,ir"pL *ln_

bered blades that were once the hallmarla of dre
l.rry{ design. Dave Calle¡ So.rth*o. løirip"*.rt
chief designer, acknowledçs that ,roir. *", ,fr.'hbsolute 

number one complaint,, about the Air 303to 401 drsign. "It's a very important issue ro us,-
¡_1's Catle¡ witå the result thit Southwest\üTindpower's AirX is significantly qrri.r; ohrrr pr._
vious models in úre Air seri.r. Smit tu.birr., ,r..¿
not be noisy. The ..Marlec 

is remarkably lrri..,,, ,"y,'$Øisconsin's 
Sagrillo. Among ho,rr.holj-ril n r_

bines, the 1930s-eraJacobsLd th. f gAo, r,rrbine oftne sarne name were extremely quiet. And, Sagrillo
adds, 'the 

A\Vp and proven iSoo ur.";li, *
quiet as the Jacobs." $Zhatt quierl fo S";t;, n
wind rurbine's quiet "rvhen yå" n*a ,"i";;d.
to seeif it's running.', He says, .*i.d 

g.i.r"rorc
should be seen, not heard:"

r F -
Y <
q (

c ¿ 9
4:-{-

ò P

l3:1.-Uttï:rsdorf ofNRG Systems operares a
tffJ uxcelin the baclcyard of his ho*. ,r.r,

{¡1ryón! \/ermont. A keen observec Blimersdorf

i{,*îi* 
to.elrwas noísiest when rh".;;;;lì*

fipaded'the rotôr, leading . higi.;;; r;ä;
[Þ úe neighbors-a¡rd ]
âi:Ì:ir:ìj,Ì;,! ': ., . . . .. his wife, Jan'-happ¡ he

*"y 
:ot adequately describe the

T*n.-ro of small wind turbines.
I noisemay be most noticeable atotner rhan g or l0 m/s.

SØhen the data is available, sound power
Ievels can be calculated for a ,""f. .íJ"a
speeds (see figure 13-21, Calcuhtå._irrio.,
s:urce_ strength). This enables comparisons
that otherwise wouldnt b. r.r."l.Jrii* rf,.
standard reporting format. Fo, .*"rípì.,
measurements of the Ampair 100 at th. Vlulf

¿ t -
¡ç Çl' .' ) .

e
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Figure l3-21. Calcutated emission
source strength. Measured sound

pressure level data from the Wulf Test
Field on the BWC 850. Air 403, AirX,

and Ampair 100 was used to calculate
the sound power level or emission

source strength (L*"). The sound power
level was calculated for each turbine

charging a load, as well as for the
BWC 850 operating unloaded. As

indicated by the Ampair 100, small
wind turbines need not be noisy.

Test Field indicated that it was significantly
quieter than most other turbines tested at
wind speeds above 10 mls (22.4 mph).

Vl'ind Thrbine Noise
There are rwo sources of wind turbine noise:
aerodynâmic and mechanical. Aerodynamic
noise is produced by the flow of the wind over
the blades. Mechanical noise results from the
meshing of the gears in the ffansmission,
where used, and the whir of the generaror.

Unless rhere is a whisding effect from slots
or holes in the blades, aerodynamic noise is
principdly a function of tip speed and shape.
Aerodynamic noise is also influenced by
trailing edge thickness and blade surface
finish. The number of blades is also a factor.
Neil Kelley, a reseercher at rhe National
Renewable Energy Laboratory finds that the
aerodynamic noise of ¡wo-blade wind tur-
bines is greater than that of three-blade
machines, dl else being equal, because the
two-blade turbines place higher loads on each
blade for an equivalenr outpur. Further, the
type of rotor control, whether fixed or vari-
able pitch, affects aerodynamic noise. On
rotors with fixed-pitch blades, noise increases
when the blades enter stall in high winds. But

rotor diameter and speed are the primary
determinants of aerodynamic noise. Many
constant-speed, medium-size turbines operate
at tip speeds around 40 mls (90 mph) in low
winds when their low-power windings are
energized, and 50 to 60 m/s (110 to 130
mph) when the generator is frrlly energized.
Some earþ experimental turbines, operaring
at variable speed, reached tip speeds of tOO
mls (224 mph).

Dutch researcher Nico van der Borg found
that by using rotor diameter æ a substitute for
tip speed, he could approximate the noise
emission of wind turbines. Larger-diameter
wind turbines generare þroportionally more
ecoustic energy than smaller machines. Van der
Borgb model was derived from data on experi-
mental wind turbines designed in the 1970s
and early 1980s. M*y of these early research
turbines operated ar very high tip speeds. Van
der Borg compared them to commdrcial tur-
bines available in the 1980s and estimated thar
the commercial turbines $/ere as much 7 dB
quieter than their predecessors (see figure 13-
22, CaJculated and measured noise emissions).
later turbines are even quieter.

Van der Borg's model can also be used to
answer the question ofwhether small wind tur-
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Figure l3-22. Calculated and meas-
ured noise emissions. This chart
derives from work at ECN by N. C. J.
M. van der Borg and W j. Stam in'I 

989 on the relationship between
source sound power and rotor diam_
eter. V¿n der Borg and Stam argued
that diameter could substitute fbr tio
speed and hence determine sound
power. The top line was derived from
data on experimental large turbines
developed in the late i970s and earlv
1980s. The bottom line was derived
from data on commercial wind tur_
bines being instal led in the late l9B0s.
Published data for commercial tur_
bines in use from the 1990s through
2000 has been added. Noise emis_
sions from small turbines at the Wulf
Test Field and other test s¡tes are also
included.

bines are 
_relatively more noisy than bigger

turbines. In absolute rerms rhey areni iut
relative to their roror diameter small wind rur_
bines are noisier. According ro van der Borg,s
model, the Air 403, BI7C¡5O, and Vhisper
H40 should emir no more rhan Z0 to g0 dBA.
Instead the small turbines are l0 to 15 dBA
noisier than would be expected for their size.
Fortunately manufacrureis of small wind. tur_
bines have begun to address the issue.

Lowering lV/ind Tiurbine Noise
Advances in airfoils and reductions in tip
speeds have essendally decoupled ,,oir. ._ìr_
sions from rotor diameter for medium_size
wind turbines. Building quieter turbines notonly makes wind energy a better neighbor,
but also makes gooa"'Urrrirr.r;- ;;:i."ì"
r.urope, where competition is fierce, manu_

:i.:l*" 
find that quieter turbines give theman.edge over their rivals. Manufactrirers wirh

Jlt.r:. 
turbines can sire them in 

"r.", 
*i.r.

Ptalling officials would pr"hibi.;;l ;;;_
l¡:1:'"",^and quieter turbines ensure rhar
..1,.:ï ":. 

tewer headaches after installation, as
I".]i:r 

less bad press eroding,rpp.;ã;;
energy.

",^In: 
most direft way ro lower noise emis_slons is to reduce rotor speed. One means of

l:*.it* 
rotor speed on a consrant-speed tur-

Drne ls ro operare rhe turbine at dual speeds.
This permits operating the turbine 

", "'lo*..rotor speed in light winds, when rhere is less
wind noise to mask noise from the turbine.
Variable-speed operation is also effecrive,
enabling designers ro program operarion ro
lower rotor speeds at night, when noise sensi_
tivity is greeresr.

Mechanical noise often has tonal compo_
nents. The gearbox's high_speed shaft is the
most critical element, says Henrik Stiesdal,
chief designer for Bonus wind turbin.s.
Mechanical noise can be reduced by ,._
designing the gearbox and by adding..-ili.r,,
couplings in the drive train to isolãte vibra_
tions. Acousric insulation can also be installed
inside the nacelle cover to reduce prop"g".io,
of mechanical noise.

Sriesdal insists on torally enclosing the
drive train and sealing the'nacelle ;;";y.
Even ventilation louvers musr b. ."r.fuìÇ
designed as sound baffles, he says, o. 

" 
,i*rrif_

icant part of the turbine,s -"ånirr.ry ,riir.,
especially noise ar higher frequencies, will
escape the nacelle. Sdesdal 

"gr.., 
with NREL

acousrician Neil Kelley thai noise musr be
controlled at the source, because ,,once 

it gers
our, you dont know where it will go.,,



lf there,s any doubt 
";;ffi;or not your wind turbine might disturb

Consequences
As Graham Chiu found, once noise does getout, tfe co.nsequences can be .oraty. 

-Orr.

example of the conseby D;"i,i ;;ä'., "1ii::#i":ï:åî:i:1the proximiry of one neighbor ;";;;ä 
",Kynb¡ DanrùØin tc*t.i ,^ffidr,', 

"î o' i,i,irìi"i' :i. ï::Jå?iwind farm. It mounted ,fr. iso k\X;;;1,.,
lT 

r"b*: dampers, sharpened il 
.ää*

edges of blades on rhe .ighr.,."r.r;;"-r^;;r,
mounted sand_dampenirig cham b.;.- ;;ä;.
jl51l and ¡educed generaror speed to 1,000rpm trom the rypical 1,200 rpm.

ovvners accepted, .or,rilg. the utiliry ab<.¡ut 2nelc¡1t.oj the projecr's inri"l i"u.rá.i",.
Neighborhood reaction ro r_rii-ììruin.

noise can dso affecr how or *t.rr-o*,rrä, ur.their turbine. As in. the case .i ð¡,," ii'N.*Zealand, public authorities .; ;; ä.,u.
lï:_':ï"".d. Equalþ d"_"1;;:;;d i. *o:qe: ngr ro operare the turbine at night or inwinds above a certain speed. l" .irfr.r"."r. .f.r.operation of the turbines would b. ,;;;,n_
alized as to dictate its removal.

The Danish windmill owners, association
takes a srrong stand on *i"J;;d;läu..
The 

-associariãn's members not 
""f¡ "r.'rfr.chief advocates of wind energy i, õ.li"rr.,

but also own mosr of theî,"¿îilå*.

Y*t can literally see wind -".fri.r., o,rrri¿.their windows. Tir.l, can speak with authorityas people who botí,¿.Å""ã,n"¡ ;, ï' : *#joï:årn':*rnÏ
positio n is clear: Noisy. iurbin., 

""r.-**...p r_able. 
_Noisy machines should 

"irfr., 
i.^r"rl¿-proofed or moved. The goal ,i.¡r.""rli.rr,

association, one that ,hojd U. ,fr. g.i'.i;lwind turbine manufacturers, is to avoid theproblem from the start. They t 
"rr. 

founJJ",once people have been bothered by ;;;",they remain disturbed, .; 
"fr; 

.i. ä*.has subsequently been abated.

nearby res¡dents, be a good-neighbor
and contact them in advancã.

_ 
Despite these precautions, the noise at the

1._"*r_, residence, a farmhous. ZZO *.r.r,
!72.0l) awav, exceeded p.,.i,JiljJuå 

",,aincluded a 
-pure rone component from thegearbox. After four years of work, the rur_bines'noise emissirto I 02," e5 ;ü,"::,iJilrli::.Í.iîffí

noise levet at the dweili"g.'D;;ìøi;;;1...r_
sors achieved this by .åoig;i;;'^;h.*'s.",
teeth and adding funher noise rrearment. Theergineers fourã th.y .ouli'l"r'i''oro
simply by sharpenin

H1' å;ä i_ J: *;;:'*::3m*;l
demonsffations that trailing.ag. rhì.L";ì, i,a significanr facto¡ in 

".rodi.,",îi.;;;. Th.cost? DKK $4.5 million fsito,ooã1.-'""'
...\)Øisconsin public Service i^.rã' ̂  simila¡dilemma. A_frer instailins t4 t;;;äï"r_

bines in 1999 theutilityîegan *i.irr"i'""*.cornplaints Êom neighú"r, :" i;.;;'"lo;"_
;,"p, ": 

aya e.xperiencíng spillover growhtrom subu¡ban sprawl."" ãf C...r, U"r?ö,conducted a series of noise;;;;;i"Jr,
ally offered to buy ,i* hom.r. ï;; ï;"

Considcration
O;r perception of what constitutes noise is

:Tï..1 
tr many subje.rir; f";;;;. ;i;",nerghbors object ro your *ind m"clin.because you never invite them to dinner,

ll*.: 
more likety than you 

"r. 
," niä'rf,.sound produced by it objectionable. On theother hand, if your communiry has foushrrate increases wirh the local utiliÇ ,il^r""iä

of your wind machine whirring ;;rk;;",
warm their hearts.

t:rt? Iü/indpower 
suggesrs that if there,sany doubt as ro wheth';. *iÀJ;;#;;ä;HåJ;,i il':i::ïneighbor and contact th.L ir, 

"d;; lã;ìr.them of your plans, a¡d ask f", ;ili;;



iîi*r:'iî,:",î*æ..åi,:''åy
:::ï-:Sl,Oesigning 

your instalarior,. n.rþ
nas round that rhe communiry's rea.tion to ihe
noise from a small wind turbin. d..li*r-"ft.,
people have had a chance to acclimate to it.
. 

Tlir is equally sound advice ñ;-J.r.
installing medium-size wind turbines- B.;;;_
siderate.. Newer, quieter wind turbin., .* b.
good neighbors-when sited with care.--- 

'

TV and Radio fnterference
Neighbors somerimes worry that a new wind.
turbine will disrupr their radio and television
reception. There have been a few cases in
which medium_size turbines have caused
ghosting of weak television signals in rural
areas. In one 

_c19 in the 
-early 

l9g0s,
\ü'estinghouse's Mod_0A on Rhod. Island,s
Block Island generated complaints as well as
electricity. The proble_ *L ailwiated by
instailing cable relevision on th. isl"nà.

Interference is a rare phenomenon, and
there have been no reported. cases due to small, wind turbines. Even in the few."r.rìr, which'', interference or ghosting h"rï;'docu_

,. ..::.d, the effecti harre b".en;J;.
I here are thousands of wind turbines

,, ,9i* dre.lidge¡ of rhe r.r,"Çi"i*r, 
". :, m.Egr corridor for telephone links berween

, 
', nonhern and souther"'C"lif";;. ii. .,rr_
,, ,,lino surround ,¡r. -i.ro*"ì.;;;:, ,r"_

, ,'. ,iôTt but are excluded from the -i.ro*"rr.
,,,_ Sú. 

This provisi"" i, ,rrn.iJ"ì ,ä"pr."."."-. an]¡ interference.
..,i. . ,j.Small wind turbines are used extensively
,,,t, ,¡rr.erldwide to power remore relecnm*,,^:^^

Ii":'jj:i:ll"Í":ï*, no;.lgry: yes. Vesras V47 with awkwardtelecom antennas in cermany. wnitu'tr," *;;J;";;; ,i#ffi:f 
".,interfering with telecommunications here, the antennas and their

llri,1g 
hardware give this Vestas turbine 

"" 
ì.JärirrOf" industrialappearance.

.;ir.ir,Ë¡Ijl"*sl to power remo re telecomm unica'_
::r:lr 5lsrs srations for both .o__.r.i"l-"îä _ifi
rliiffitr Jte tu¡bi.n¡s *,rJ;.; r,"å u.."

*_fn*. had been 
"r,y 

hin, of interfer_vntortunarely some wind turbin. 
";;;_i .beye souøht  nÅÅi_ :^ , - t

;"o"* 
sought additional ..rr.rru.'by

fs.g.. on their roìvers for telecom
i*Tl=î*"as, a pracrice that detracrs

Shadow Flicker and the Disco Effect
Shadow flicker occurs when the blades of the
rotor casr shadows that move rapidly across
the ground and nearby ,rr,r.i,r..'.. i¡ri,
shadow can disturb some people in cermin sir_
uations, such as when rhe ,h"do* f"ll. 

".ìosthe window of an occupied room.
_ Small urbines are roo small and operare roo
þ. 

. creare a significant ,h"d;;. il;;;_
sze wnd turbines cân cause shadow flicker,
however, a¡d it can be a nuisance in higher_
Iatitude winrers, when the to* 

".,gt. 
;¡;::i"

cass long shadows. It can also b. ãor. r¡ouble_
some in areas with high population densities or

iåTrffiäË;j.|.;*-o,*o*'ä".':



W

Many North Americans smile when Europeans begin
discussing a phenomenon called shadow flicker. Mosr

]11:'::t 
have never hea¡d of it 

""a ál-i_"gi".

siderate of your neighbors. If there,s ânv n¡,
tion whether nearbi resid:"r, ;il, b.;nf.:i.i,
^lwr.the likely impact before i"r,"fl"ìì"ì.

Professional wind urbine siting ,of.i,rr.
(see the appendixes for details) ,ft.i ;.ì;;.,
provisions for calculating shadow m.k r. iì.
technique used by these programs is extremely
conservarive and will
ditions (bright,r", .r jj;i::st s\ilTt-case 

con -

The disco effect is a related ph.no*.non
first noticed in sunny pdm Sjringr, ð"ììi
ornia. Sunlight glints offthe ,eflà.tiui ed;,of rhe trberglass blades of the wind turùines in
the San Gorgonio pass. \üZhen ,h. Ul"l.,
move, this causes a flash similar to that of a
strobe light. As the rotor spins, the flash

what the fuss is about. That was *y,.*rø, ,iil 
"".fall when I lived near a75 kV r.r.úir,. 

". 
J.

Folkecenrer for Renewable Energy l" ó.r*ì¿.. O".morning while working er my desk I felr uneasy.
Something was bothering *.. t f..p, f."Çìp no*my work, scannins the room fo. *h"t ** åo.rg.
Ti"lty 

I got up f.ã* my desk. Then I noticed it: ashadow rçeatedly crossing rhe room. l, *, ,if 
" 

e*momenrs before I realized I was a ui.ti* oflrh"do*
flicker. I flipped on the light, and *.",1"J." **L.

Wind Power

Per year.

where.neighbors are close enough to be ;'ffi::î:*-",jlïl:"f:.: 
that of the

affected by the shadows.
fl-shing lights in a discotheque.

To prevent the disco effeãt from annoyingH H:ï:: "1 i,*,ï-" T:I *,"; ".'ånoili,'åilï,i"Ë'åïïilïfirî:i:äï:Effi "ilîï'..¡.î,:::i::1.::i.rrè.;;Füffå:;::,ïiH:ï,'J.".^H:U.ï:
få:: ;iîlrr:.H:, ::î:^::,_,:-_:Fåi ;'fi, :li:ä:1Jiå,Ii.J:#å î::1,11llîli;il,,i'Jff ::":'::11":'ïii{îd*ï1;ä,*:;Xiå5iä:.:Ïå:,1,o;X:total of 100 minutes per year. Under normal

l::iï: 
a flickering shadow."rv ro -i""ì* v'ind energy,s chief attribute is irs tts envlron_

mental benefits. \Vhen sited with care, windThere are few recorded occurrences of con_ 
¡'çtrL'u Denellts' when slted with care, wind

,n about shadow fil;i., in Nr^..L Á *^_:-- 
..tigy is relatively benign. The key is sensitiveiîä "å:ï,f "i:i"i::-.j"ï Iî:t j_T"l *,iË'"ïJifff ":ä'3;,åi:i:1,'lijl,ffå* å::.f:.::l:: :h"; .h; ;rt.k_ äïli:ïï;:iïHïï:iî:îïl', ;:jilïå,l:Í:ä#:il j5:::,::x :;"ä iöi iåi";iffi::"il:ff;:il,î,'ï:iÍu:' #Hlï'* ï:*F":.::::'-iöi.ïl"i, ;i:lï:"i:ï-ïT:,:; J;;li'i:::,:';Y: ;ïJ5j:.:1":ï:;ïï: ïíä ü'ïi.'ffå::iåät1:il:ïi

:];i ,T:.:ni:,:L::':1.n", Jffi..i. ii Jååi:ï.ffi il.ffiil[g ruiusavs, the turbines seem ro h"ä,,o .rr.;,;; ;;.:li:iääïihÏ:i'J::"H:riït

The charge that wind,rrOffi
dead birds than electricity is false.

the horses. The shadows simply cause the
horses ro srop briefly, until thåií,id;"";;.
them on.

\X/hile few communides have standards
regulating shadow flicker; it's wise ," il;;_

of Gibraltar. There's no benefit i" ;;r-
coating that fact. Nonetheless, th..h"rg. ti"t
wind turbines produce more dead birdî than
electriciry is false.

Much has been written about birds and
wind urbines. For a more complete account
of the problem, see Ly/ind Energt'Co*r, jÀgr.
Numerous studies on the ,fri. n"u.'U..n
conducted in Europe and Ntrrh America.
Summaries of this research are available from
mosr narional wind energy associations.



No single environmental issue pains wind
enerry advocates more rhan the effect wind
turbines might have on birds. Clearly wind
rurbines should not kill birds, and we should
do everything in our power to ensure thar
rhey don't. This is the kind of hot_button
issue that elicits strong emotional responses
rhât could, if not addressed honesdy, derail
rhe use of wind energy.

That some wind urbines kill birds some of
rhe rime should come es no surprise. Most tall
srructures kill birds ro some degree, as do
mosr sources of energy. This should never
become an excuse for ignoring the issue, but
it does help put ir into perspective.

\X/ind turbines anywhere are capable of
killing birds, explains Dick Anderson, a biol_
ogist at the California Energy Commission.
Bur nowhere else in the world is the problem
as severe as in California's Altamont pass.

\Øind turbines in the Altamont pass, savs
Anderson, kill 100 to 300 raprors p., y.", of
which 20 to 50 are golden eagks iAquik
chrysaeto). Golden eagles are 

" 
proté.t.d

species in North America, but are ,ã, ,"r. o,

j."t',, -_hl'* p"p'r*i",. ìï,i'. r"i J::düäi:ii,:i..li.li' more _ rhan 95 percent ji *il¿rir.fl , F'l ;* iliä ;¿"'.i:i::,å"î':1ii
ffi.' ffi 

Consequentty *il¿rir. l.ä,iì. ìr,.r."r_:.' ;ll' 
-trnsequently wildlife becomes increas_

1,,..!,fI 
o'o'nd.nt o., rh.'.;;;-i;il*r""ä' .r

irili,lï":..'
*É.Tñ,',

endangered. \Mhile the dearh of any bird is
unforrunare, biologists prefer to p1".. th.
death in the contexr of the total påpulation
rather rhan focus on the number ofi.riilridu"l
deaths, according to Tom Cad.e, founder of
the Peregrine Fund and director of the 

.V7.orld
Center for Birds of prey. The deaths, regrer_
tab.le as rhey are,. *may 

really have no biolog_

The number of birds killed in the., Altamont pass could be ,ig;ifi."rr, ø, 
"

, , , fered population ãeclines ï-r*1"", ir,
lTæ :. 

California due to u.b"n in.roa.h_
, 'l lï,;^I-he 

srare's reprors, or birds of prey, are
i l, ä1,"'l':g_ :h:i' 

habitat ro an exploding

Siting

undeveloped land. Some of this land remains
undeveloped because high winds make it hos_
tile to human habitation. Thus there is the
potential for increasing competition between
raprors and large-scale wind development for
the same resource. The population of golden
eagles in the .Altamont pass appears itable,
says the CEC's Anderson. The si"te hasn,t yet
been able to determine if the number of
go^lden eagles being killed is having a negative
effecr on the breeding p"op,rl"'tiorr.
Meanwhile, biologists 

"r. 
.orrtirruing their

fieldwork.
Anderson confirms rhar wind turbines

lining the Tehachapi and San Gorgonio passes
in sourhern California are also killing raprors,
but it's much less of a concern to 

"th. 
,."r.

because the numbers killed are significantly
lower than those in the Altamont. Fãrtunately
no rare or endangered birds such as balå
eagles (Haliaeetus leucocephot"r), peregrine fal_
cons (Faho peregrinus), or Califoìnia=.ondorc
(Qmnogyps californianus) are known to have
been killed by wind turbines or their po\¡¡er
lines anywhere in California.

^ 
Despite the problem among the thousands

of medium-size turbines in the Altamonr
Pass, there's little data on the impact from
single medium-size turbines, small clusters of
machines, or small wind turbines. It's reason_
able ro assume that small wind turbines or
clusters of larger machines kill birds in pro_
portion to the turbine's size and ,ru-b.r. ïh.
question of whether small wind turbines also
kill birds does arise (see figure 13_24, Birds
and small wind turbines).

Consider the case of the \(/esrern
Pennsylvania Conservancy and Audubon of
\Øestern Pennsylvania. They manage a narure
center in a Pittsburgh suburb 

"rrJ 
op.r"t. 

"small wind turbine as part of a display on
solar,energ¡ During the mid_198òs'th"y
found a dead duck at rhe base of the rower.
Greatly disturbed, they called the dealer. He
was speechless. The next day he inspected rhe
wind turbine for any telltale sig.rr. À bird the
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sions between birds and th.e guy cables ofsmall
wind turbines. "Birds collide *ith ¡ur, 

"UlLeverything," says NRELs Karin Sinclair. AJj
time a súucrure, whether a house, 

" G.,
screper, or a wind turbine, is raised 

"boí#gjound 
level, it will pose a hazardto birds; ¡r¿.li

BioSystems, in a report for the California
Energy Commission on rhe problem with
wind turbines in the Alt"morri pass, tried to
put the-issue in perspecdve by noting that 5 to
80 million birds die annually in tÀ. United
States from collisions with structures ranging
from picture windows on homes ,o .ojirrg
towers on power plants.

Birds are killed not only in the production
of electriciry but also in its transmission and
distribution. Birds die by strfüng overhead
porÃ/er lines (and telephone lines) ãr by elec_
trocution. S7hile it's difficult,o pr.r,.rr, bird,
from flying into power lines, måst deaths bv
electrocution are avoidable and ."r, b. pá
vented by modifying rransmission line towers.

- Ornithologists can only speculare on what
happens as birds fly near winà turbines. Flying
is hazardous, especially for immature blrdr.
"It's a tricþ business to be a fast-flying animal
er loï\¡ alrirude," said the University ãf pir.r_
burgh's late Melvin Kreithen. ..Tírey 

make
mistakes."

The job of the wind industry should be to
make flying around wind turbines less haz_
ardous. But there's no panacea or silver bullet
for eliminating the problem. painting splashy
strþes on the blades and adding noiJemakers
have been found wanting. The Lost effective
method is avoiding the problem altogether by

that includes small wind turbines. 
-^.,ti*

. 
MSre damaging to wjnd energ,'s ,.pot"_,îl

tion than the numbe¡s of birds Ueing Lilled in ,.'"
the Altamont pass is the mann., 

"in 
*hi.h .ì

they die. Two-thirds of the golden ."gt., *.r, ,l
killed after colliding with wind turiines or :,1
their towers. This lends itself to blaring head_ .,
lines..and selÊstyled investigativ. i.pori,,
revealing rhe "rrue story" behind orr. ir..n
technology.

size of a duck would have severely damaged
the I k'$7' Bergey turbine. The dealer øå¿
the turbine unscathed.

A few days later a neighbor called the
nature center searching for his pet peacock.
Meanwhile visitors h"J begun ,igt ring 

" 
ø*

on the grounds. These reporrs pro*pt.d th.
center's naturalist to reexamine ihe dead bird,
and the mysrery was soon solved. He con_
cluded it was the missing peacock and not a
duck, after all. And 

"ft.ifiìairrg 
signs of the

fox near the tower, the center concluded that
the fox, not the wind turbine, \À/as the culprir.

Still, there are anecdotal reports of åll_

-E
Figure 13-24. Birds and small wind turbines. Bird perching on ananemometer boom beneath. a Marlec 910F at the Wulf fest Field. As thisscene illusrrates, small wind rurbines .r" ;"ii;;;; ;ääïiithey pose a hazard to birds.
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siting wind turbines where there are no large
concenrrarions of birds that might coiliãe
with the turbines.

\Øind companies_large and small_must
avoid the fortress mentaliry evoked by the
issue of birds crashing into wind turúines.
Some companies respond by trying to control
the damage instead of trying to solve rhe
problem. As E>oron found with the Vald¿2,
"damage control" may cause as much damage
to the company's interests as the disaster itseif

A better approach than damage control is to
eng ge the environmental communiry before a
project is proposed. Environmentalists,
including bird lovers, generally support wind
energy-when given a chance.

Take Rich Ferguson, for example. Ferg_
uson, energy chair of Sierra Club California,
Iabels the situation in the Altamont pass
"tragic and unacceprable.,' Nevertheless, he
believes the issue is less than black and white
and wants to know how many dead birds,
specifically golden eagles, are roo many? This
position doesnt prevent Ferguson from sup_
porring wind energy. \When a project was pro_
posed ro repower an existing Altamont wind
farm with ne\¡/er turbines, Ferguson urged
approval of the project.

One essential-step for projects with large
numbers of turbines i, to ,tuáy the proposed

, si e beforehand. Ornithologir* ."r, dl,.r-irr.
ì rhe level of risk to parti.ular species if the, project proceeds. p,rÈli. 

",.rrhoriti., 
and the

: r.,,,;,,.lÏttronmental communiry must then weigh
: .'. what risla do exist against the environmental

Siting

Some birds, including eagles, will fly into
wind turbines regardless of mitigation t."r_
ures. An unpleasant thought, yes. yet, ro some
extenr, unavoidable. Those who think other_

:rr. 1. 
deluding themselves. ..Zero 

kill?,'says
Tom Cade of the Peregrine Fund. ..Thar's 

not
ever going to happen."

Case Studies
\Øhere it exists, criticism of wind energy
results largely from fear of the .hange this
new technoloW mey bring to the comriuniry.
J.ust es we grew to accept-ancl now.
demand-the utiliry's intrusion on the land_
scape, gradually we will grow to accept wind
machines, in much the same wav and for
many of the same reasods.

Thoug-h it may fea¡ this technology, the
community should not apply -or. ,riirrg.n,
standa¡ds to wind machinei than it applià to
any other similar strucrure o, d*i.. ,ro*
standing. Proponents of wind turbines need
not ask for special rrearmenr of wind energy,
but they are at least entitled to equal rreermenr.

ìØh11ever you do, doni bypass the permit-
ting officials. you have a responsibiliry to
comply with the community's wishes, even if
you dont agree with them.

In New Cumberland, pennsylvania, an
unthinking homeowner bought a wind
machine to install in his bacþard. Then, to
his chagrin, his application- for planning
approval was rejected. Not only was wind

:t.fgy not permitted in his residential neigh_
borhood, but also his lot was physically ioo
small. He hired an aftorney 

"rrd 
.r,g"g.á ir, 

"lengthy-and expensive appeal. His 
"ne"ighbors

objected vociferously. Tlier,, amid the fr"r. of
television lights and a packed heariniroom,
his appeal was denied-again. His iro.rbles
didnt end tåere. The dealãr then refused ro
buy back the wind machine and the home_
owner had to sell it at a loss. He didnt do his
homework, and it cost him dearly.

This unfortunate hom.o*rr., ."r, be
excused because of his enthusiasm for wind

I ,,' 
f¡.1..nrr.{. 

p-j..,-provides. Once a large

.:.'., 91i;;., 
is in ãperation, it's also necessary to

.-i .:; gqa¿*ct 
" 

oor,.,
1¡i1;r.l.r:.-ii::it!::^. ' )nstructlon survey to verify
;..,;..ill_lY rmpacts are within the range

:HT lt"*.*nd energy may be stight,inå A..
dtr! *I. is an impact at aÏ iiluJtrares, once

:i:hat 
th1e 

"r..or,, 
ro all energy choic.s.

ires 
no free lunch,', says the CEC,s
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eners/ and his ignorance of the planning
process. The same cant be said foruo-. ,o_
called wind farm developers who have com_
mitted similar blunders. The difference is in
the sums of money involved: nor rhousands,
as in the homeowner's case, but hundreds of
thousands.

. One group of selÊstyled professionals was
planning ro erecr several unreliable wind tur_
bines in a New Jersey residential neighbor_
hood-without planning approval. Th{ *.r.
about to begin constrrlction when the local
news media broke rhe story. (There was an
exciting mix of New Jersey_style backroom
politics involved.) The scheme was quickly
killed in a boisterous public hearing.

These cases illustrate how not á install 
"wind machine. There are literally thousands

of examples in which the appropriate
approvals have been obtained ir, 

"n 
or¿.rlu

and businesslike manner and the wind
bine successfully installed. Consider
example of an upper-income suburb
Pittsburgh.

tuf-

the

of

Fox Chapel Township has a reputation for
strict interprerarion of its zoning ordinances.
"They'll never let you pur one-here,,, so¡ne
said. Yet the dealer, Bill Hopwood of
Springhouse Energy Systems, and the clienr,
the.\Øestern Pennsylvania Conservancr,. ¡¿,ere
both respected and thoroughly prép*r.d.
(They had ro receive approval to ereci their
anemomerer, so they were familiar with the
process.) They answered all quesdons forrh_
righdy, allayed the fears of planning offìcials,
and, to the surprise of cynics, won approval.
The wind machine, a Bergey l0ôó, w",
installed without incident and has operated
successfully for nearly two decades.
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EHERGY:
THE FIEXT 25 YEAR$

Global demand to rise

by as much.as 50%

75"/o of increase from

developing world

. Wind and solar, even

with rapid growth, to

meet about L% of total

world demand by 2030

. Close to 60% to be met

by oil and natural gas

Source: International Energy Agency'
World Errergy Outlook, 2004

For all the long-term Poten-
tial of alternatives, there is,

as yet, Ro easy waY to meqt

the world's growing demand

for energy and slow the rate

of emissions. That's whY at

ExxonMobil we're

we can to develop resources

responsibly.

Learn more at

exxonmobil.com

Er(onÍllobil
laking on the wcrtd's toughest eærgry drallengeei

THE SAIcON .çIY

Thomas A. Bass's profile of Pham Xuan
An, the Time joumahst who aiso spied
ñr Nordr Vietnam, includes an inter-
vierv with Flank iVIcCulloch, An's boss
at Ti mà S ugon bureau (uThe Spy !I/ho
Loved us," Mav 23rd). Bass rvrites,
"ilfcCulloch remembers An with ue-
mendous fbndness and respert, and he
sal's it r+as a þat pleaswe,' in 1990'
to organize a subscription fund, 'À/hich
raised thirtv-two thousand dollars, to
send .A^rfs eldest son . . . to joumalism
school at the Universiqvof North Caro-
lina. The list of subscribers to the fund
reads like a Who's Who of Viemam
\Mar reporters." It's eas,t'to imagine the
reaction rhis provokes among those of us
who sen'ed in Vietnam and lost com-
rades there, friends whose families ofun
faced serious financiai difÊculties after
drei¡ deaths.,{ny'one u'ho r+'onders why
active-dutv military personnel and vet-
erans distrust the mainstream media
need onlvread those tçYo sentences.
Ddr,tid Cløyton Cørad
t{tgustu, Ga.

I rvas a correspondent for TimeinViet-
nam,'and I knew Pham Xuän An tor
nearl,i' ten vears. While qP)'rng for the
North Vietnamese, An transformed
Tìnteï cosespondents into an inadver-
tent woddwide netr¡.ork of spies for
Hanoi. Tine had high-lerrl sources
rvho often provided classified informa-
tion on the condition that it would be
kept secret and used onlY as back-
gróund. The content of these confiden-
tial briefings was circulated internally in
the rveekly "Time memo," which was
considered so sensitive that copies were
numbered and rearmed after a reading
bv the editors. The memo contained
much useless gossip, but also solid-gold
insider reports from the White House,
the State Department, and the Penta-
gon. The memo was also ci¡culated to
Tinebureaus around the world, which
lvere supposed to take equal precau-
tions; An, æ aTimt reporter, had access
to it.I often sawhim taking notes &om
the Saigon bureau chief's confidential

renorts. These r,vould hal'e included brie;
insr Uv Generals trVitliam Westrnort
taã¿ an¿ Creighton Åbrams and An'
bassadors HJnry Cabot Lodge an
Ellsrvorth Bunker, ç'hich often coven
operations and strategv scheduled fi
rveels in the furure. Then An lvou
suddenly disappear without a n'ord, pr
sumably to brief his comrades in tl
tunnels of Cu Chi. I have alwaYs que
tioned the Ämerican joumalists wl
insist on rom'.rnticizing ,An. It is or
thing ro iurc been against the Viema
Wamnâny of us r+'ere-but quite a
other to e\?ress unconditional adrr
r¿tion tbr a maa who sPent a large Pr
of his life pretending to be a journr

ist while heinirlg to kill .{meric'¿ns'
Zalin Grant
Paris, Ft'tzn:¿

THE MUM'MY RËTURNJ

I was struck 
'i'v 

rhe photo accom¡

nying Ker:r' hrriicki article on t

paleopa'.lrciog:.sÈ zutd rnummV exP

,{¡thw "{*iêerheide, 
oi a crouchi

Peruvi¿g r'!:uÍnrlt'. i'!il\,v ilì a musel

in Qrito, Ec¡¡¿<ior i"T'he '\ fumrn-v D'

tor," lfav 16rhl. \\ihen, in the ei5

teen-eighnes. ¿ sinrilar mummr; alsc

a tetú p+sírion, r'r'as exhibited at

Trocaeiero;* Pa¡is, it had a polverfif

fltrence on several m<xiem artists, incl:

ing Paut Gauguin. In Gauguin! 1

mãsterpiece "W'here Do We Co

Frorni \&trat A¡e \&'eì \\¡here ,{¡e

Goins?," the tgr:re on the far left

di¡ectlv inspired bv h-is encounter v

the rr,rummli whictr came to rePr€:t

t}re theme of ranitas and morbidit

his rvoriis.
Laarø à'lorçlt:iîz
Å*aciate Prafexor aftlrt History

Wagner College
Staten Island, N'Y.

a

I-eners shaultì be sent witb the wtiter's n
tddress, and dn,-tinte pbotte nun¡ber úa e'
t<t tltemail@nemorket com- Thev can al:'iãrid 

lo 21 2-286'5ali . Leners may be e'{or 
length end cla.ri4,,ntd.m¡t be p.ublish

anv tnedian. Åll letters lle(ürne tl,e þro
af'The Neu' Yarþer ,¿nd u'ill not be rctu
tie regret that owing to the whnze of c
sfratdence w¿ t!1r¿Éot rùPlt* to euery lettt

T1IE NÊ\/YORKE&, JULY 4,2OO5
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Whi le  po¡ l i r ia r  f  < ¡ r  the  green energY

they provit ' : f  c t i rrbines can also gen'

erate [)o! ' ,rertul t)rote$ts They tat<e

uF la rge  s" \a ths  o f  land ,  and somÉ

cr i t i çs  saY they  ¡¿  no¡sy ,  uns igh t lv

and a thrÈ41 to bírds and bats UPset

about ê rrer¡. '  i r :stal lat ion. residenis

o f  Drenkr ;w Gernrany ,  d isp lay  a r i t t -

tu rb ine  Pos l -e rs  tbe lowl ;  nearby '  the

four lda t ion  fo r  a  new t t r r l ) r f ìe  bears

t î ìe  spraY-pa in ted  wor r l  ¡ ¡ r i ' "  in  Ger -

nran  {abOve l .  Suc t r  se¡ r t in ì i l l l t s  SQme

tir¡res shove wirrd farnrs oifshOre'

bu t  even sea-based !v { ! r ( ' !  ! )ower  iSn  t

alwaYs welcome A Pro¡:osed winci

farnr off  Cafre Oocl" Massachusefts'

rrret t ierce opposit iolr f  ro r¡r residents

who feared  i t  wou ld  spo i i  the  v is tas

"-'rîå,ï#""*ï¿å-T"'
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